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Abstract 


Study purpose. The low physical activity and fundamental movement skills of students in the COVID-19 era are gaps 
in this study. This study aims to exam the effects of exergame on the physical activity and fundamental movement 


skills of students during the COVID-19 era. 


Materials and methods. Quantitative research with experimental methods was used in this study. The subjects 

of this study came from students at primary schools 1 and 2 in Karawang (n = 120). Subjects from primary 

school 1 Karawang entered the experimental group (n = 60), namely getting treatment in the form of exergame, 

and subjects from primary school 2 Karawang were included in the control group (n = 60) who did not receive any 
treatment and only carried out physical education learning activities. The intervention program was carried out for 
seven weeks. To measure the physical activity of the students, the ActiGraph GT9X Link accelerometer was used, 
and the fundamental movement skills of the children were assessed using the TGMD-3. 

Results. The results showed that the implementation of exergame was proven to significantly improve physical 
activity (p < 0.05) and the same results show that exergame has a significant effect on fundamental movement skills 
(p < 0.05). However, there was no increase in physical activity and fundamental movement skills in the control group 


(p > 0.05). 


Conclusions. This research is evidence that exergame is an effective tool to improve physical activity and 
fundamental movement skills students during the COVID-19 era. 


Keywords: exergame, fundamental movement skills, physical activity, experimental. 


Introduction 


COVID-19 still has a negative impact on all people in 
the world including the field of physical education in el- 
ementary schools, for example the experience of student 
movement is hampered and the student’s physical activity 
(PA) are low (Xin et al., 2020). Survey data shows that the 
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level of PA carried out by students by 60.0% has decreased to 
17.7% due to fear of contracting COVID-19 (Xiang, Zhang 
& Kuwahara, 2020). Other data reports that the inactivity of 
community CL in the world globally during the COVID-19 
pandemic is estimated at 28% (1.4 billion people) (Puccinelli 
et al., 2021). Previous studies reported that the decline in the 
level of PA was due to several factors, such as the policy of 
staying at home orders, closures of parks, gymnasiums, fit- 
ness centers and prohibitions from doing sports or mass PA 
in public places (Woods et al., 2020). In addition, according 
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to Violant-Holz et al., (2020) that the decline in PA was due 
to the effect of lock down (Violant-Holz et al., 2020) and 
social distancing during a pandemic. 

Another factor affected by the COVID-19 pandemic is 
the fundamental movemen skills (FMS) of students. FMS is 
the ability to perform three basic movement skills such as lo- 
comotor skills, stability skills (Dobell, Pringle, Faghy, & Ros- 
coe, 2020) while aiming to perform sufficient physical activ- 
ity (PA and manipulative or object control skills (Foulkes et 
al., 2020; Jones, Innerd, Giles & Azevedo, 2020). Previous 
studies have found that the development of well-established 
FMS has the potential to create a healthy lifestyle in the fu- 
ture (Bai et al., 2020). Another benefit of FMS is that it can 
reduce overweight or obesity in students (O’Brien, Belton, 
& Issartel, 2016) skip and kick. Previous studies in the UK 
and internationally reported that the rates of FMS among 
primary school students has decreased over time (Grainger, 
Innerd, Graham, & Wright, 2020). Similar to data found in 
Indonesia, the FMS of primary school students is still low 
and continues to decline due to an unhealthy lifestyle and 
rarely doing sports (Burhaein, 2017). Therefore, developing 
FMS in elementary school children is a very important goal 
and a priority, because FMS is very useful for them to par- 
ticipate in sports and even non-sports activities. 

A potential new training strategy to improve PA and 
FMS is through exergames (i.e., Xbox 36). Exergame is an 
innovative and interactive video game that combines train- 
ing and video (Kappen, Mirza-Babaei, & Nacke, 2019). It 
requires full body movement from the player. Activities in 
exergame include cycling (Moholdt et al., 2017a), fitness 
games, tennis, baseball, dancing, soccer, basketball, box- 
ing, dance, snowboarding. The advantages of exergame are 
being able to conduct training at home safely (Adcock et 
al., 2020) and comfortably without being disturbed by bad 
weather (Yu et al., 2020) especially avoiding the transmission 
of COVID-19. Exergame has been shown to be a fun activ- 
ity for children, adolescents, young adults and older adults 
(Monedero, Murphy, & O’Gorman, 2017)(ii. Research by 
Andrade et al., (2020) reports that exergame causes boys and 
girls to have positive improvements in psychological aspects, 
namely mood and self-esteem. Some researchers claim that 
exergame is attractive to children and effective in helping 
them improve motor skills and develop motivation to par- 
ticipate in PA (Soltani, Figueiredo, & Vilas-boas, 2020). 
However, different results reported by the study of Wu, Li, & 
Theng, (2015) found that exergame can cause lower motiva- 
tion compared to traditional training methods for exercise 
and exergame can also cause poor motor skills (Gao, Zeng, 
Pope, Wang, & Yu, 2019), so it is difficult to repair (Peder- 
sen, Cooley, & Cruickshank, 2016) it is less clear whether 
they can provide skill acquisition benefits that are similar 
to those found in traditional physical education. Purpose: 
In a previous experiment from our laboratory, we found 
that deliberate practice can significantly reduce the plan- 
ning time required for lateral arm movements. The purpose 
of this study was to determine if exergames can produce a 
similar effect, by reducing the processing time required for 
children to initiate arm movements to the contralateral and 
ipsilateral space. Participants and setting: Thirty children 
(boys = 15, girls = 15). Then recent studies have shown that 
exergames have an inconsistent impact on children’s motor 
skill competence in the short term (Hulteen et al., 2018). 


With the results of previous exergame with the gap, it is 
the reason for us to uncover this problem. Many previous 
studies have examined exergame (Vernadakis et al., 2015; 
Villafaina et al., 2020; Polechonski, Debska, & Debski, 2019). 
However, there is no research that explores how the effects 
of exergames on PA and FMS of students during COVID-19 
era. The this study will implicated the development of PA 
and FMS provide information knowledge to teachers, lectur- 
ers and practitioners about the benefits obtained from the 
exergames. Therefore, the aim of this study was to test the 
effectiveness of exergames to increase PA and FMS student 
during the COVID-19 era. 


Materials and Methods 


Study participants 


All subject came from two primary school in the region 
Indonesia. The school was selected because it has quality 
teachers and one of the largest and most structured schools 
with ideal facilities for implementing sports games and for 
offering PE classes three times a week of 60 minutes each. 
Subject are first explained about the rules for carrying out re- 
search and asked to make written agreements. The sampling 
technique used to select subject was random assignment. 
Subject characteristics are presented in Table 1. 


Instruments 


Physical Activity Levels. To measure PA students can use 
the ActiGraph GT9X Link accelerometer, namely ActiGraph 
light and resembles a watch. This instrument is valid and 
reliable. Students are instructed to use the accelerometer in 
their arms every time they go to school. The activity counts 
recorded were interpreted using empirically based cut points 


Table 1. Socio-demographic of subjects 


Variables n(%) 
Gender 
Male 50(41.67%) 
Female 70(58.33%) 
Age (y) 
10 35(29.17%) 
11 27(22.50%) 
12 58(48.33%) 
Weight (kg) 
25 30(25.00%) 
30 38(31.67%) 
35 52(43.33%) 
High (cm) 
125 37(30.83%) 
130 40(33.33%) 
135 43(35.83%) 
School 
Primary School 1 Karawang 60(50.00%) 
Primary School 2 Karawang 60(50.00%) 
Class 
5 46(38.33%) 
6 74(61.67%) 
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that defined different intensities (sedentary: 0820; light PA: 
8212830; moderate-to-vigorous PA (MVPA): 2831 for Acti- 
Graph vector magnitude) of preschool children’s PA. Student 
average percentages of time in MVPA at school were used as 
the outcome. Notably, the accelerometers were not allowed 
to be taken home given the following considerations: (1) ad- 
ditional burden for underserved families, (2) possibility of 
lost or stolen devices, and (3) incomplete and inaccurate 
measurements. Therefore, only PA during school time was 
used for the current study (Gao, Zeng, Pope, Wang, & Yu, 
2019). 

Fundamental Movement Skill. Test of Gross Motor De- 
velopment-3rd Edition (TGMD-3). The TGMD-3 is com- 
prised of locomotor (run, skip, leap, hop, and horizontal 
jump) and object-control (catch, kick, underhand roll, one- 
hand strike and two-hand strike) skill subtests. While the 
TGMD is a common assessment tool used in many studies 
worldwide, some would criticise the lack of a stability com- 
ponent. To this end, a subtest of the Bruininks—Oseretsky 
Test of Motor Proficiency 2 (BOT-2) Short Form was uti- 
lised to assess the participants’ balance. The balance assess- 
ment consists of two tasks, walking forward along a straight 
line, and standing on one leg (Behan et al., 2019)complex 
movements required to participate in physical activity. This 
study examined FMS proficiency across the full range of 
Irish primary school children (n = 2098, 47% girls, age 
range 5-12 years. Each FMS in TGMD-3 is accompanied 
by performance criteria. For example locomotor motion 
with criteria if the movement of running, leap, jumping, 
and jumping horizontally is done correctly according to the 
assessment norm, then it gets a value of 1 to 4 and if it does 
not match the assessment norms it is given a value of 0. As 
for control objects, there are three performance criteria to 
capture: a) the preparatory phase in which the hands are in 
front of the body and the elbows are bent, b) the arms are 
outstretched as they reach the ball as it comes in, and, c) the 
ball is caught with the hands only. Each child is evaluated 
against these criteria. If the performance criteria are met, 
grades 1 to 4 are assigned. If a performance criterion is not 
met, a score of 0 is assigned. Meanwhile, the assessment for 
stability component balance is by assessing how long the 
child can do walking straight lines, and standing on one leg. 
Each child tried two experiments for each movement skill 
and was assessed based on performance criteria (Vernadakis 
et al., 2015). The total score of the child (the sum of their 
individual scores) is calculated. 


Study organization 


This research has been approved by the Ethics Com- 
mittee of Public primary school, Karawang, Indonesia (ap- 
prove number: 126/11/2021) and this research is in accor- 
dance with Helsinki declaration. Parental consent forms 
and subject’ consent forms regarding participation in this 
study were collected before the intervention program began. 
This research was conducted in the new normal era and 
implemented the COVID-19 protocol, where each child was 
checked for body temperature first, then given a hand sani- 
tizer. Subjects from the primary school 1 Karawang entered 
the experimental group (n = 60), namely getting treatment 
in the form of exergame and subjects from primary school 
2 Karawang were included in control group II (n = 60) who 


did not receive any treatment and only carried out physical 
education learning activities. The intervention program was 
carried out for 7 weeks, three times per week and 60 minutes 
per week. The intervention program began with pre-test ac- 
tivities on November and ended in post-test on December, 
2021. All data collection procedures were recorded via video, 
then the video would be analyzed by researchers and ex- 
perts. Flow studies are presented in Figure I. 


Exergame 
—* 
Group 
Random 
Pre-test Post-test 
Assignment 
Control 
Group 


=FMS 
=PA 


Fig. 1. Study flow 


Exergame Program. For the experimental group, the ex- 
ergame was conducted on Thursday, Friday and Saturday 
from 08.00-09.00 hours, for 7 weeks, it aims to develop PA 
and FMS owned by children aged 10-12 years. The program 
is carried out in the gym three times a week for 60 minutes. 
The Exergame program is presented in Table 2. 


Table 2. Exergame program 


Training F Zr ? 
Exercise activities Duration 
component 
Proprioceptive neuromuscular : 
Warm-up P P 10 min 


facilitation (PNF) and jogging. 


The Exergame program items 
used are (1) Volleyball, (2) Tennis 
games, (3) Basketball games, 


POkUsion praceise (4) Standing twists games, (5) bac 
Running games, (6) Dancing 
games. 
Cool-down Stretching. 10 min 
Statistical analysis 


Statistical analysis was performed using the IBM SPSS 
application Version 25.0 for Windows. Descriptive statistic 
was presented as meantstandard deviations. The normality 
of the data was evaluated using the Shapiro- Wilk test. If the 
normal distribution is found to be parametric, the statistics 
are used analysis. Paired samples t-test are used to determine 
differences between baseline values. The statistical signifi- 
cance level was set a p < 0.05 for all analyses. 


Results 


The results of the normality test of the data in this study 
were declared normal. The statistical descriptive values in 
the exergame and control groups are presented in Table 3. 
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Table 4 shows that exergames have a significant effect on 
increasing PA and FMS (p < 0.05). While Table 5 shows the 
opposite result, namely the control group has no effect on 
increasing PA and FMS (p > 0.05). 


Table 3. Descriptive statistics 


Pre-Test Post-Test 
M(SD) M(SD) 
Exergames (n = 60) 
MVPA (min/day) 49,23(7.97) 58.37(8.79) 
EMS 52.03(8.37) 63.18(10.82) 
Control (n = 60) 
MVPA (min/day) 47.67(9.77) 47.82(9.18) 
EMS 45.18(8.20) 46.33(9.38) 


Note: M = Mean; SD = Standar deviasi; MVPA = Moderate-to- 
vigorous physical activity; FMS = Fundamental movement 
skills 


Discussion 


The purpose of this study was to examine the effects of 
exergame and traditional game interventions on increase 
PA and FMS in student during the COVID-19 era. The 
results of this study showed that exergame intervention can 
improve the PA component. The increase in PA occurred be- 
cause exergames had interesting games (e.g., bowling games, 
tennis games, basketball games, standing twists games, run- 
ning games, dancing games), so that through these games in- 
active students became more enthusiastic (Huang, 2020) few 


studies investigated whether combining exergaming with 
VR would be more effective. This study seeks to (a and have 
the motivation to move (Soltani, Figueiredo, & Vilas-boas, 
2020). One of the keys to changing PA behavior is because 
exergames offer an interesting, safe game experience that 
can be played at home, so students can continue to actively 
move. The results of this study support previous research 
which reported that exergame can be used as a tool to en- 
courage students to participate in PA (Soltani, Figueiredo, 
& Vilas-boas, 2020). 

The second finding in this study proves that exergame 
can positively increase the FMS of students during the 
COVID-19 era to be higher. Exergame had the characteristics 
of a very fun game, easy to play and can be done at any time 
(Lee, Kim, Park, & Peng, 2017) complex movements required 
to participate in physical activity. This study examined FMS 
proficiency across the full range of Irish primary school 
children (n = 2098, 47% girls, age range 5-12 years, so that 
children who are not interested in sports activities become 
more enthusiastic and actively move in PE class. Fogel, 
Miltenberger, Graves, & Koehler, (2010) confirmed that 
exergame can provide opportunities to engage in higher 
physical activity than doing standard exercise programs. 
Exergame had been proven to be an effective game and worthy 
of use in PE class, because it has the power to trigger interest, 
motivation and the ability to move children to sustainably 
participate in sports activities. Previous studies conducted in 
a school context have identified that the exergames practice 
can increase physical activity, mental health, and motor 
skill competence in children (Andrade et al., 2020) complex 
movements required to participate in physical activity. This 
study examined FMS proficiency across the full range of 


Table 4. Differences values in pre-post of PA, FMS in exergames group (n = 60) 


Paired Samples Test 
Paired Differences 
t df Sig 
95% Confidence Interval of the 
Mean _ Std. Deviation Std. Error Mean Difference 
Lower Upper 

Pre-Test 
PA -9.133 5.936 0.766 -10.667 -7.600 11.918 59 0.000 

Post-Test 

Post-Test 
FMS -11.150 7.876 1.017 -13.185 -9.115 10.966 59 0.000 

Pre-Test 
Note: PA = Physical activity; FMS = Fundamental movement skills 
Table 5. Differences values in pre-post of PA, FMS in control group (n = 60) 

Paired Samples Test 
Paired Differences 
t df Si 
95% Confidence Interval of 18 
Mean __ Std. Deviation Std. Error Mean the Difference 
Lower Upper 

Pre-Test 
PA -0.150 10.581 1.366 -2.883 2.583 -0.110 59 0.913 

Post-Test 

Post-Test 
FMS -1.150 9.260 1.196 -3,542 1.242 -0.962 59 0.340 

Pre-Test 


Note: PA = Physical activity; FMS = Fundamental movement skills 
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Irish primary school children (n = 2098, 47% girls, age range 
5-12 years as well as becoming a potential educational tool 
today. Exergame is a great activity for children to use in the 
long term and ona sustainable basis. The results of this study 
are in line with the research of Vernadakis et al., (2015) who 
reported that the XbK-based balance exergame program was 
significantly more enjoyable than traditional physiotherapy. 
The main reason why exergame programs were more fun 
than traditional physiotherapy was that exergames provide 
more interesting challenges for athletes. Exergame activities 
are fun psychological teaching activities for children that 
can help improve their physicality (Van Santen et al., 2018). 
According to Mohold et al., (2017b) the use of fun exergames 
can be a useful strategy for promoting physical activity, 
especially for those who were less motivated by traditional 
sports. The results of this study support previous research 
that has shown that children’s FMS was more developed 
through exergame than traditional sports (Moholdt et al., 
2017b) and that subject PA levels were higher for exergames 
than traditional activities. One reason for answering these 
results is because children in the current era are more 
familiar with exergame than traditional games, besides that 
the number of children’s movement activities is more often 
in exergame than traditional games. 


Conclusions 


The main conclusion in this study shows that the imple- 
mentation of exergame can positively improve PA and FMS 
student during the COVID-19 era, but not for the control 
group. The limitations in this study are: (1) the sample of the 
study is relatively small, (2) the subjects only are only from 
two urban primary school in region (Indonesia). Then the 
further must use more subjects and come from several ele- 
mentary schools in Indonesia. Apart from the limitations of 
this study, several implications arise from this study, namely 
that exergame can be used as an effective pedagogical tool 
to increase PA and FMS in student during the COVID-19 
era, besides that the results of this study provide important 
information for teachers, lecturers and practitioners about 
the advantages of exergame. The findings of this study could 
potentially be applied to future studies involving exergame 
with other platforms, such as: Wii (Nintendo, Kyoto, Japan) 
Just Dance for Kids (Ubisoft, San Francisco, CA, USA), Wii 
Nickelodeon Fit (Nickelodeon, New York, NY, USA), and 
Just Dance or using other games such as: biking, yoga, walk- 
ing, weight training, softball. 
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Abstract 

Study purpose. This study aims to investigate the effects of movement games as an effort to increase the level of 
physical fitness and mental health of students with disabilities during COVID-19. 

Materials and methods. This study adopted a mixed method. ‘The participants involved in this study were students 
with disabilities who came from two special schools students with disabilities in Karawang Regency, Indonesia 
(n=40). Participants were divided into an experimental group who carried out a movement game program (n=20) 
and a control group (n=20) who followed routine learning without participating in any activities. After implementing 
the movement game program, 20 participants were interviewed about the experiences, advantages and disadvantages 
of the movement game program. Quantitative research instruments used muscular strength, muscular endurance 
and cardiorespiratory fitness tests. Meanwhile, the qualitative research instrument used in-depth interviews for 

30 minutes. Analysis of quantitative data used IBM SPSS, and analysis of qualitative data used thematic analysis. 
Results. The quantitative study results showed that there was a significant increase in the level of physical fitness 

and mental health in the experimental group (p<0.05), and no increase was found in the control group (p>0.05). 

In addition, the qualitative study results showed that the majority of participants acknowledged that the movement 
game program was a fun method of education and had a positive effectiveness. 

Conclusions. After carrying out this research, we confirm that the movement game activity is an education method 
that has a great effect on the increase in the physical fitness level and mental health of students with disabilities 
during COVID-19. 

Keywords: movement games, physical fitness, mental health, mixed method. 


Introduction (Rasheed, Abduljawad, Mabrouk, Jdaitawi, Abdulmonem, 
2021; Gultom, Baharuddin, Ampera, Fibriasari & Sembiring, 
2022), including students with disabilities. A survey study 
reported that 80% of Indonesian people have low physical 
fitness (Kusuma et al., 2021). Data reported several factors in- 
duce the lowering physical fitness levels such as isolation/lock 
down (Kamyuka, Carlin, McPherson & Misener, 2020), work 
and school from home (Kaur, Singh, Arya & Mittal, 2020; 
:@ TMOB Liskustyawati, Riyadi, Sabarini, Waluyo & Shidiq, 2020), 
“10808 


The current COVID-19 pandemic crisis has attacked sev- 
eral aspects including physical fitness among the community 
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physical activity was limited and significantly reduced (Hill- 
yard, Sinclair, Murphy, Casson, Mulligan, 2021). Physical fit- 
ness is an important aspect for students to learn at school 
during the COVID-19 crisis (Dao, 2021), because a high level 
of physical fitness could support students to perform various 
activities without experiencing excessive fatigue and obtain 
an optimize learning outcomes. On the other hand, low levels 
of physical fitness will hinder the students in the learning pro- 
cess and consequently decreasing their achievement (Gultom, 
Baharuddin, Ampera, Fibriasari & Sembiring, 2022). 
Recently, COVID-19 has attacked the mental health of 
all people in the world (Suarez-Balcazar et al., 2021; Yang, Li 
& Yu, 2021; Essadek et al., 2022), including students with dis- 
abilities who has high risk to being affected by COVID-19 so 
that it often affects their level of mental health (Sharpe et al., 
2021; Walton, Medhurst, Madhavan & Shankar, 2022). Men- 
tal health is a condition of someone who does not experi- 
ence a mental disorder, such as depression, high anxiety and 
stress, a mood disorder or refers to a state of well-being of 
a person who can overcome pressure in life (Buckley et al., 
2020; Sokic¢ et al., 2021). According to Huang, (2021) mental 
health refers to the emotional, psychological and social well- 
being of a person. Students with high mental health will have 
motivation and independence in learning, on the other hand 
students with low mental health are less motivated to learn, so 
academic achievement will decrease drastically and they are 
likely to drop out from school (Grubic, Badovinac & Johri, 
2020). A recent study reported that the impact of COVID-19 
has affected all fields, especially education, in which the learn- 
ing system has shifted from offline to online (Jumareng et al., 
2022). Several obstacles in online learning, such as platforms 
that incompatible with technology that used to teach visually 
impaired students and poor internet connection (Jumareng et 
al., 2021), coupled with the lack of recreational activities that 
can be conducted at home have been proved as factors that 
cause students with disabilities felt frustration or mental health 
impairment (Patel, 2020). According to Grubic, Badovinac 
and Johri, (2020), cessation of teaching and learning activities 
in schools, loss of routine and social connections among stu- 
dents are factors that worsen mental health conditions. Given 
the importance of physical fitness and mental health for stu- 
dents with disabilities, an appropriate and effective teaching is 
needed for them, namely through movement games. 
Movement games are activities that involve various kinds 
of movement activities (e.g., Walking Paper Color, Trampo- 
line, Hoolahoop), in fun games for students with disabilities 
(Kamyuka, Carlin, McPherson & Misener, 2020). According 
to Dao, (2021) movement games involved motor skills such 
as jumping, crawling, running, walking. This game presents a 
lot of movement in a game as a powerful tool to increase the 
overall potential of students. Previous research has reported 
that game-based sports have a positive effect on improving 
athlete performance (Gabbett, Jenkins & Abernethy, 2009). 
This movement game provides various benefits that have 
been reported by previous studies (Chou, Chen, Huang & 
Tu 2020). Unfortunately there is still limited literature on 
this movement game and there was no previous studies have 
reported on the effect of movement games to change physical 
fitness levels. and mental health of children with disabilities 
during COVID-19. This research offers something differ- 
ent from previous research, namely investigate the effects 
of movement games through mixed research, in order to 


reveal the effects of movement games with quantitatively and 
qualitatively. It is expected that this research could contrib- 
ute to the development of movement games in the physical 
education, to improve the level of physical fitness and mental 
health of students with disabilities in the current pandemic 
crisis era. Therefore, the purpose of this study was to examine 
the effect of movement games to increase the level of physical 
fitness and mental health of students with disabilities. 


Materials and Methods 


Study participants 


This research adopted mixed methods, namely re- 
search that combined quantitative and qualitative method. 
Research with mixed method aims to reveal the problem 
through two analyzes between quantitative and qualitative 
(Gani et al., 2022). 

‘The participants in this study were students with disabili- 
ties who came from several special schools with disabilities in 
Karawang Regency (Indonesia). The recuitment method is as 
following: (1) researchers conducted a survey to two schools for 
children with disabilities in Karawang Regency, (2) researchers 
sent invitations to participate in research via Whatsapps to par- 
ents and students, (3) researchers recorded how many students 
were willing to participate in the research, (4) students were 
provided with information about the research and required to 
make a statement about their willingness to participate in all 
activities in the intervention program, (5) students who par- 
ticipated in the study were given a $15 gift as a thank you for 
participating. Participants were allocated to the experimental 
group (n=20), which received treatment in the form of move- 
ment games and partly to the control group (n=20), where 
participants carried out their usual daily learning activities. 
The characteristics of the participants are presented in Table 1. 


Instruments 


Quantitative Instruments 


Instruments to assess the physical fitness level of dis- 
abled students were adopted from the American College 
of Sports Medicine (ACSM), including: muscular strength, 


Table 1. Characteristics of Participants 


Variables n(%) 
Gender 
Boys 20(50.0%) 
Girls 20(50.0%) 
Age (y) 
9 20(50.0%) 
10 20(50.0%) 
Weight (kg) 
30 12(30.0%) 
35 15(37.5%) 
40 13(32.5%) 
High (cm) 
130 16(40.0%) 
135 19(47.5%) 
140 5(12.5%) 
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muscular endurance and cardiorespiratory fitness (Wouters, 
Evenhuis & Hilgenkamp, 2020). 

Muscular strength. This test aims to assess the muscle 
strength of students aged 4-10 years using throwing bags. 
In this test, the participant stood behind the line and then 
lifted a 4 kg bag over his head and thew the bag as far as 
possible. The throwing distance of the bag was measured in 
cm. Participants had three chances and the final score was 
the best score of three repetition. This test has an Intraclass 
Correlation Coefficients (ICC) =0.76. 

Muscular endurance. This test aims to assess students’ 
muscular endurance by using the stair climbing test. Partici- 
pants walked as fast as they can to go up and down as many 
steps as possible in 30 seconds. The score was determined 
based on the number of steps in 30 seconds. The participants 
had three chances and the final score was the best score of 
the three repetition. This test has an ICC = 0.92. 

Cardiorespiratory fitness. Participants walked as far as 
possible by crossing a 20 m track for 6 minutes. After that, 
their heart rate was checked using Polar. 

Instruments to assess the mental health level of students 
with disabilities adopted from previous studies (Gilmore, 
Campbell & Shochet, 2022), including: 

Revised Children’s Manifest Anxiety Scale (RCMAS). This 
instrument aims to assess anxiety in children with disabili- 
ties aged 6 to 19 years. This instrument has 37 items with 
subscales of Physiological Anxiety, Excessive Anxiety, Sensi- 
tivity, and Social Anxiety/Concentration. This instrument is 
assessed using a scale of 1 = “yes” and 0 = “no”. 

Strengths and Difficulties Questionnaire (SDQ). This in- 
strument has 25 items with subscales: hyperactivity, emo- 
tional symptoms, peer problems, behavioral problems and 
pro-social behavior. This instrument was rated using a scale 
of 1 = “not true’, 2 = “somewhat true’, 3 = “of course”. 

Intellectual Disability Mood Scale (IDMS). This instru- 
ment was developed for children with disabilities aged 10 to 
18 years and has been used frequently by previous studies 
and has been validated with Cronbach ranging from 0.63 to 
0.77. This instrument has 12 question items with subscales: 
Anger, Confusion, Depression, Fatigue, Tension. This in- 
strument was assessed using a Likert scale from a value of 
lto5. 


Qualitative Instruments 


The instrument for qualitative research used in-depth 
interviews with participants with a duration of 30 min- 
utes per individual. Interviews were conducted directly via 
Whatsapps and Bahasa language. 

Research Program. This research was conducted in Jan- 
uary-February at Singaperbangsa University Karawang (In- 
donesia) with approval number: 261.174/SP2H/UN64.10/ 
LL/2022 and the 2 schools involved also approved this re- 
search. In addition, the research follows the guidelines of the 
World Medical Association Code of Ethics (Helsinki Decla- 
ration for humans). In this quantitative study there were sev- 
eral meetings, namely the first meeting on January 1, 2022, 
all participants carried out a pre-test (physical fitness and 
mental health test). The second meeting on January 5, 2022, 
the experimental group carried out the movement game pro- 
gram and the control group only carried out their usual daily 
activities until the 15th meeting (February 11, 2022). At the 


16th meeting (12 February 2022), all participants carried 
out final exam activities, namely physical fitness and mental 
health tests. The movement game program was carried out 
on Wednesday, Friday and Saturday in the morning from 
08.00-09.00 in the field located at Singaperbangsa University 
Karawang (Indonesia). This study strictly applied the CO- 
VID-19 health protocol, for example all participants and the 
research team were checked for body temperature and used 
hand sanitizers and are vaccinated before the intervention 
program. While the qualitative research was conducted on 
16 and 17 February 2022, the movement game intervention 
group was interviewed for 30 minutes and the interviews 
were conducted using Bahasa language. The movement 
game program is presented in Table 2. 


Table 2. Program movement games 


Training Unit 


Activities Duration 
Components 
Warm-up Prestretch and warm-up 5 min 
1. Boucce 
2. Walking paper colour 
3. Frog jump 
cae Serer Trampoline 50 min 
ene 5. Hoolahoop 
One movement game is done 
with a duration of 10 minutes. 
Gasldown Cardiorespiratory cool down ® date 
and the poststretch. 
Statistical analysis 


Quantitative analysis. Quantitative data were analyzed 
using IBM SPSS version 25.0 statistical software version 
25.0 (Armonk, NY: IBM Corp) to find descriptive statis- 
tics (meantstandard deviation) and data normality. Paired- 
samples t-tests were used to test the scores of physical fitness 
and mental health before and after in the experimental and 
control groups (Xu, Yao, Kang & Duan, 2020). The level of 
significance used is 0.05. 

Qualitative analysis. The qualitative analysis in this study 
was qualitative thematic, namely the results of in-depth in- 
terviews were coded and categorized into three themes, 
namely: theme 1: Experience of movement games, theme 2: 
Benefits of movement game and theme 3: Disadvantages of 
movement games. 


Results 


In this study, the normality test of data was declared 
normal (p>0.05). Statistical descriptive tests are presented 
in Table 3. While the results of the paired-samples t-tests 
showed that the experimental group that movement games 
was proven to have a significant positive effect on increase 
the level of physical fitness and health of students with dis- 
abilities (p<0.05), but there was no significant effect in the 
control group (p>0.05) (Table 4). 

While the results of qualitative research through in- 
depth interviews with the experimental group obtained the 
following answers: 
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Table 3. Descriptive Statistics of PF and MH in the EG and CG groups 


EG CG 
Dependent Boys (n =10) Girls (n =10) Boys (n =10) Girls (n =10) 
Variable Pre Post Pre Post Pre Post Pre Post 
M(SD) M(SD) M(SD) M(SD) M(SD) M(SD) M(SD) M(SD) 
PF 

MS _— 63.50(8.32) = 71.50(8.77)  62.20(7.06) 67.50(7.73) 63.20(8.32) 61.40(7.91) 62.70(7.11) — 62.30(6.46) 
ME 14.10(1.79) ~=—-16.20(1.22) = 10.50(1.08)  14.00(1.56) =14.60(2.59) = 13.80(2.57)) 12.40(1.71) —:11.80(1.47) 
CF  62.50(3.80) 66.90(3.21) 68.20(3.76)  76.00(4.34) —70.30(3.82) 69.20(3.99) 71.00(3.46) = 70.30(2.83) 

MH 
RCMAS — 27.803.76) = 26.50(3.47) — 30.60(3.97) | 27.20(4.07) —27.80(3.76) = 29.70(4.11) 28.90(4.08) — 28.10(3.24) 
SDQ__.22.10(2.05)  =20.60(2.11) = 21.10(3.95) = 19.50(3.71) = 22.10(2.02) = 21.80(2.57) —_23.30(3.09) = 22.80(3.36) 
IDMS = 30.00(3.26)  26.70(2.005)  29.70(2.35)  21.80(2.82) 27.40(3.74)  28.10(4.30)  26.90(3.95) —27.40(4.03) 


Note. PF: Physical Fitness, MH: Mental Health, MS: Muscular Strength, ME: Muscular Endurance, CF: Cardiorespiratory fitness, 
RCMAS: Revised Children’s Manifest Anxiety Scale, SDQ: Strengths and Difficulties Questionnaire, IDMS: Intellectual Disability 
Mood Scale, M: Mean, SD: Standard Deviation, EG: Experimental Group, CG: Control Group, n: participant. 


Table 4. Differences values in pre-test and post PF and MH in the EG and CG groups 


EG (n = 20) CG (n = 20) 
Dependent Pre-Post Pre-Post Pre-Post Pre-Post 
Variable Boys t p Girls t p Boys t p Girls t p 
M(SD) M(SD) M(SD) M(SD) 
PF 

MS _ 8.30(4.32) 6.073 0.000 5.30(3.26) 5.129 0.001 1.80(4.21) 1.352 0.209 0.40 (3.95) 0.320 0.756 
ME 2.10(1.19) 5.547 0.000 3.50(2.01) 5.496 0.001 0.80(1.47) 1.714 0.121 0.60(1.71) 1.108 0.297 
CF 4.40(1.71) 8.124 0.000 7.80(2.70) 9.136 0.000 1.10(2.13) 1.632 0.137  0.70(2.00) 1.105 0.298 

MH 
RCMAS  1.30(1.05) 3.881 0.004 3.40(1.35) 7.965 0.000 1.90(5.74) 1.046 0.323 0.80(2.25) 1.124 0.290 
SDQ © 1.50(1.43) 3.308 0.009 1.60(.516) 9.798 0.000 0.30(1.49) 0.635 0.541 0.50(1.17) 1.342 0.213 
IDMS —_3.30(2.16) 4.825 0.001 7.90 (2.33) 10.718 0.000 0.70(2.79) 0.793 0.448 0.50(.972) 1.627 0.138 


Note. PF: Physical Fitness, MH: Mental Health, MS: Muscular Strength, ME 


: Muscular Endurance, CF: Cardiorespiratory fitness, 


RCMAS: Revised Children’s Manifest Anxiety Scale, SDQ: Strengths and Difficulties Questionnaire, IDMS: Intellectual Disability 
Mood Scale, M: Mean, SD: Standard Deviation, EG: Experimental Group, CG: Control Group, n: participant. 


Theme 1: Gesture game experience 


Experience is an important point that must be clearly 
disclosed, obtaining information related to the experiences 
of students with disabilities in participating the movement 
game program proved that this game provides many benefits 
for the development of physical fitness and mental health. 
Some participants argued that: 

Honestly, we feel happy and lucky to be able to join this 

movement game program. We will continue to use this pro- 

gram even after the research activities have been completed 

(opinions of 10 female participants). 

Some of them mentioned that: 

We will never forget this interesting movement game pro- 

gram. We hope that our physical education teachers in 

schools can use this program to change our level of physical 
fitness and mental health to gain improvement (opinions of 

10 male participants). 


Theme 2: The advantages of movement games 


To observe the effectiveness of a program, it is necessary 
to conduct interviews with participants to obtain informa- 


tion about the advantages of the program. Several partici- 
pants gave their perception about the movement game pro- 
gram, namely: 


In our opinion, the advantage of this movement game pro- 
gram is fun and provides us with lots of physical activities 
or movement experiences. Thus our physical fitness began 
to improve and our mental health became better than be- 
fore (the opinion of 5 male participants). 


In our opinion, this movement games provide several ad- 
vantages, such as it is easy to play, it can be played any- 
where and anytime. For example, this game can be played 
in the yard and can be done individually (the opinion of 5 
female participants). 


Furthermore, the participants explained that: 


According to our perception, this program has benefit in 
promoting physical activity that is fun and can engourage 
us to be active. We like this program (the opinion of 5 fe- 
male participants). 


We are lucky to be able to participate in this movement 
game program, because this program provides advantag- 
es that it can be done at home safely and protected from 
the Corona virus. In addition, this program has proven to 
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be effective in increasing the level of our physical fitness 
and mental health to be positive (the opinion of 5 male 
participants). 


Theme 3: Lack of movement games 


To optimize the education program, it is necessary to 
know the shortcomings of the program. Thus, these defi- 
ciencies can be evaluated and minimized. Participants gave 
perceptions related to the shortcomings of the movement 
game program, including: 

We all agree that the main drawback in this program is 

students with disabilities need a close supervision from 

a teacher when they are performing the physical activity. 

Because there were 2 students who were injured while 

doing this program. In our opinion, the implementation 

of this program is limited or cannot be carried out by 
all students with disabilities (the opinions of 10 partici- 
pants are male and 10 are female). 


Discussion 


The quantitative findings in our study show that the 
movement game program has positive power to increase the 
physical fitness level of students with disabilities in the ex- 
perimental group to a higher level. This is because movement 
games have game-focused characters and provide movement 
experiences. For example, crocodile crawling, frog jumping, 
trampoline and hoolahoop games are effective tools to im- 
prove physical fitness components, such as muscular strength, 
muscular endurance and cardiorespiratory (Polevoy, 2021). 
According to Dao, (2021) games or activities that provide en- 
tertainment and satisfaction elements and require students to 
walk, jump or crawl can facilitate the gradual development of 
students’ physical fitness (Chou, Chen, Huang, Tu & Huang, 
2020). Thus, the study results support previous studies re- 
ported the simiilar results, where a movement game program 
was proven to be implemented in physical education classes 
to improve aspects of physical fitness in elementary school 
students (Cocca, Verdugo, Cuenca & Cocca, 2020). As for the 
control group, no significant effect was found in this study. 
Qualitative research findings show that all disabled students 
in the experimental group provided diverse and positive per- 
ceptions about the application of an effective movement game 
program in increasing physical fitness levels. 

The second finding of this study shows that the move- 
ment game program also has a positive effect on the mental 
health development of students with disabilities. This is be- 
cause movement games promote an element of entertain- 
ment to students with disabilities and it causes them to enjoy 
doing all the activities in the program (Dao, 2021; Sokic, 
Popov, Dinic’ & Rastovic, 2021). In this method, the mental 
health of students with disabilities will change to a better 
result. For example, students with high levels of anxiety, an- 
ger, depression, tension and anger begin to decrease because 
they enjoy the activities. In addition, issues regarding nega- 
tive behavior among students with disabilities have turned 
towards positive behavior (Cocca, Verdugo, Cuenca & Coc- 
ca 2020). Different results were shown by the control group, 
where the students did not experience significant changes in 
their mental health. The qualitative research also shows the 
similar results, all students with disabilities provide an over- 


view that the movement game program is an effective way to 
change negative mental health into positive. 


Conclusions 


The conclusion in the study confirms that the movement 
game program based on quantitative and qualitative analysis 
has been proven to be effective in increase the level of physi- 
cal fitness and mental health of students with disabilities to 
be better than before during the COVID-19 period. In ad- 
dition, this research is able to contribute and provide infor- 
mation for teachers or lecturers about the importance of us- 
ing movement games for students with disabilities. Further 
studies with larger sample sizes need to be carried out in or- 
der to compare movement game programs with traditional 
sports, or improve other aspects such as the fundamental 
movement skills of students with disabilities. 
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Mera gociigxenua. Le Jocmis>KeHHA Mae Ha MeTi BUBYCHHA BIIMBy pyXIMBUX irop Ak cUpobm NizBMIMTM piBeHb Pi3sm4Hol mig- 
TOTOBKM Ta IicMxidHOro 3f0poB's yuHiB 3 inBamiqHicTio nig wac MaHpemii COVID-19. 

Matepiamn Ta Metoqn. Y ubomy JocmisKeHHI BUKOpMCcTOByBaIM 3MillaHMiMt MeTog. YuacHukaMM UbOrO FocmiKeHHA Sym y4Hi 3 
inBamiHiCTIO 3 BOX CHeviabHUX WIKI (VA YUH 3 iHBaiqHiCcTIO, posTaoBaHUx y perioni Kapapanr, Inpouesia (n=40). Yuacnukis posno- 
HIM Ha eKCIlepUMeHTasIbHy rpylly, AKa BUKOHYBasla IporpaMy pyx/MBux irop (n=20), i kourpombHy rpyny (n=20), aka Jorpumysamaca 
ycTaleHoro peExumMy HaBYaHHA 6e3 yyacTi B 3axopax. [ica peanizauii mporpamu pyxmuBmx irop 20 yuacuukis 6ymu ommTaHi Wpo AocBiz i 
BpaxKeHHA, HepeBaru Ta HeZOMiKM Uporpamu pyxiMBux irop. Bumipiopambui 3aco6u KibKicHOro aHami3y OCMis~KeHHA BUKOPUCTOByBalM 
TeCTM Ha M’A30By CUly, M'A30BY BUTPUuBaticTb i kapfiopectipatopuy BUTpMBaricTs. Topi 1k BAMiploBambHMM 3aci6 akicHoro aHami3y BU- 
KOPMCTOByBaB IIMOMHHi iHTepB to UpoTarom 30 xBusmu. [1a ananisy KiMbKiCHUX JaHMXx BUKOpMCTOByBamM Iporpamue 3abesmeueHHa IBM 
SPSS, a id aHamisy AKiCHMX JaHMX BUKOPMCTOByBaIU TeMaTM4HMn aHasis. 

Pesyabratn. Pesyibratu KimbKiCHOFO JOCMIPKeHHA NOKa3aIu FOCTOBIpHe MiABMIeHHA piBua Pi3sM4HoOi MifroToBmeHocTi Ta cuxiy- 
HOTO 3f0poB’s B eKCIlepMMeHTambHili rpymi (p<0,05), a B KOHTpOMbHiM rpyHi NiZBMINeHHA He BMABeHO (p>0,05). Kpim Toro, pesymbTaTu 
AKICHOTO JOCMiPKEHHA NoKa3alu, WO MepeBaxkHa OimbIicTh y4aCHMKIB BU3HaMa, UWIO MporpaMa pyxmMBMx irop 6yma LikaBuM MeTOJOM 
HaBUaHHA Ta Masia Oe3cyMHiBHYy edeKTUBHICTD. 

Bucuoskn. IIposisiim We JOCTippKeHHA, MU Ii TBepp>KyeMO, WO pyX/IMBa irpoOBa AiAIbHICTb € METOJOM HaBYaHHA, AKUM Ma€ 3Ha- 
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Abstract 

The study purpose was measuring the physical activity of prospective physical education teachers in Palembang city 
during the COVID-19 pandemic. 

Materials and methods. 552 participants (M: 307; F: 245) with a minimum age of 19 (21.27+1.66) participated in 
this study. The method of this study was survey, using IPAQ-SF to assess physical activity and energy expenditure 
levels based on MET. Data collection was carried out through an online survey using Google Forms. 

Results. The results of this study show that the majority of the participants combined the moderate and high levels 
of physical activity (88.77%) and only a small number of the participants were in the low level category (11.23%). 
The results of this study showed that the pandemic conditions do not prevent people from doing sufficient PA to 
maintain their health, but daily habits and knowledge differences related to health and physical activity might be the 
distinguishing factor between students majoring in sports and society in general. 

Conclusions. This study shows that most of prospective PE teacher candidates from three universities in Palembang 
combined the moderate and high PA levels. While there were some student athletes, non-athlete students also have 
the awareness to live a healthy life even though there is no demand for them to achieve certain targets. 

Keywords: physical activity, physical education, COVID-19. 


Introduction 


The COVID-19 pandemic has hit the world in recent 
years and is still threatening even though the world’s condi- 
tions have begun to gradually recover. Physical activity (PA) 
may be a solution to alleviate the effects of the COVID-19 
pandemic and related limitation on daily affect (Do et al., 
2021), although some studies recorded that PA level were 
low during the pandemic (Martinez-de-Quel et al., 2021; 
Solahuddin et al., 2021). The implementation of COVID-19 
preemptive measures are likely to have resulted in a num- 
ber of unintended consequences including the decreased PA 
(AlDukhail & Bahdila, 2022; Deshmukh et al., 2022). The 
preemptive measures occur globally and have an impact in 
the implementation of the education system. 
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The government of Indonesia has prompted several un- 
precedented measures to control the spread of COVID-19 
(Adli et al., 2022), one of which through the circular letter 
number 4 of 2020 issued by the Minister of Education and 
Culture of the Republic of Indonesia concerning the imple- 
mentation of education policies during COVID-19 pandem- 
ic. Education in Indonesia at all levels was carried out online 
during the pandemic (Fitria et al., 2021), and all theoretical 
and practical activities were carried out at home. More than 
60 million students in Indonesia have been affected by the 
COVID-19 pandemic, because of the disappearance of in- 
class learning (Victorian et al., 2021). 

However, in a study conducted at a university in Palem- 
bang city, Indonesia, the PA level of the students majoring 
in sports was actually high (Bayu et al., 2021). This is in- 
triguing, whether this condition occurs only in certain en- 
vironments or generally occurs in students of sports related 
majors, because another study showed there was a tendency 
that the PA level of productive age population in Palembang 
was low (Solahuddin et al., 2021). 
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Palembang is one of largest city in Indonesia, in which 
there are four universities that have sports related majors. 
The online classes in these universities was started in March 
2020, after several cases of COVID-19 emerged in Palem- 
bang. In addition to the restrictions on activities in public 
places, lectures (which are mostly practical) cannot be car- 
ried out so that PA level of the students was questioned. This 
study specifically examines the PA level of students major- 
ing in physical education (PE), because they are prospective 
teachers who will teach PE at various levels of education. 
As prospective PE teachers, they are expected to be able to 
promote active and healthy lifestyle to their future students 
(Harris, 2014). 


Materials and methods 


Study participants 


This study measured the physical activity of prospective 
PE teachers in Palembang city during COVID-19 pandemic. 
A total of 1145 prospective PE teachers in Palembang from 
three universities (Sriwijaya University, PGRI Palembang 
University, and Bina Darma University) have filled out the 
International Physical Activity Questionnaire-Short Form 
(IPAQ-SF) instrument which has specifications used for 
15-year-old respondents and above. IPAQ-SF has predic- 
tive validity, concurrent validity, convergent validity, cri- 
terion validity, discriminant validity which is appropriate 
as a research tool, and a good test-retest as a sign that the 
instrument is reliable (Craig et al., 2003; Papathanasiou et 
al., 2010). PA contents were calculated using the following 
formula: 

MET+(3,3xdayxlight activity time)+(4xdayxmoderate 
activity time)+(8xday xvigorous activity time) (1) 

The results of Metabolic Equivalent of Task (MET) were 
then converted using the rule that MET<600 is in the low 
category, 600S<MET<3,000 is in the medium category, and 
MET23,000 is in the high category (Fogelholm et al., 2006; 
Hagstromer et al., 2006). 


Study organization 


Data collection was carried out through an online sur- 
vey using Google Form which was sent in a structured man- 
ner via WhatsApp Broadcast. There were 552 respondents, 
out of all the 1145 respondents who filled out the survey, 
whose data were declared eligible for analysis with the char- 
acteristics that can be seen in table 1 as follows: 


Statistical analysis 


The data analysis used is descriptive statistics for physi- 
cal activity data based on MET. 


Results 


Table 2 below contains the frequency distribution of 
prospective PE teachers in Palembang City doing PA in one 
week. 

At the high intensity category, the highest percentage 
is 25.18% students did PA for 3 days in a week. Meanwhile, 
in moderate intensity, the highest percentage is 21.38% 


Table 1. Participant Demographics 


Category Frequency _ Percent 
Grades Men 307 55.62 

Women 245 44.38 

Max 25 
Age Min - 19 

St. Deviation 1.66 

Average 21.27 
Athlete/Non- Athlete 124 22.46 
Athlete Non-Athlete 428 77.54 

Country side/Inland 257 46.56 
Domicile City/ Around the 

regional administration 295 53.44 

center 

Sriwijaya University 204 36.96 
Univ PGRI Palembang 259 46.92 

Bina Darma 89 16.12 


Table 2. Distribution of Physical Activity Frequency by 
Intensity 


oe High Intensity pei Low Intensity 
a Week oN % N % N % 
0 100 18.12 95 17.21 14 2.54 
1 86 15.58 118 21.38 69 12.50 
2 96 17.39 111 20.11 40 7.25 
3 139 25.18 80 14.49 150 27.17 
4 85 15.40 70 12.68 Be 9.96 
5 13 2.36 23 4.17 63 11.41 
6 8 1.45 10 1.81 31 5.62 
7 25 4.53 45 8.15 130 23.55 
Total 552 100 552 100 552 100 


Table 3. Distribution of Physical Activity Frequency by 
Duration 


Total duration in High Moderate 


aweek (minutes) _ Intensity Intensity sid aoa 
N % N % N % 
<10 123 22.28 123 22.28 38 6.88 
10-30 39 7.07 57 10.33 86 15.58 
31-60 161 29.17 184 33.33 204 36.96 
61-149 142 25.72 122 22.10 128 23.19 
150-299 58 10.51 39 7.07 41 7.43 
>299 29 5.25 27 4.89 55 9.96 


Total 552-100 552 100 552 ~—-100 


students did PA 1 day a week. Low intensity category is dom- 
inated by 27.17% of students did PA 3 days a week. 

Table 3 below contains the frequency distribution of 
prospective PE teachers in Palembang City doing PA based 
on duration (minutes) in a week. 

In high intensity category, most students (29.17%) did 
PA for 31-60 minutes. In moderate intensity category, most 
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Table 4. MET Descriptive Statistics 


Kategori Frequency Percent 
Max 89460 
Metabolic Equivalent of Min 33 
Task (MET) St. Deviation 7884.63 
Average 4964.67 
Low 62 11.23 
MET Category Moderate 242 43.84 
High 248 44.93 


students (33.33%) did PA for 31-60 minutes. In low intensity 
category, most students (36.96%) did PA for 31-60 minutes. 

Table 4 below contains descriptive statistics on MET 
data. 

The average MET of physical activity for prospective 
PE teachers in Palembang City is 4964.67, SD of 7884.63 is 
in the category of high PA, the highest MET of 89460 is in 
the category of high PA, and the lowest MET of 33 is in the 
category of low PA. 


Discussion 


Physical inactivity has been believed as one of the top 
causes of global death (Priambodo et al., 2020), and al- 
though PA has a number of health benefits, the lack of PA 
level problem still occurs. Previous studies which were taken 
before COVID-19 pandemic in Palembang show that the 
majority of the participants had low PA level (Bonita et al., 
2017; Ridwanmo et al., 2020), and the condition in Palem- 
bang was getting worse when the pandemic stroke the world 
(Solahuddin et al., 2021). 

However, PA level of the PE teacher candidates in a uni- 
versity in Palembang was high according to another study 
(Bayu et al., 2021), and this condition is in accordance with 
this study. Low PA level of 552 PE teachers candidates in 
Palembang city, who participated in this study, only reach 
11.23%, while the combination of moderate and high PA 
level reach 88,77%. 131 or 23.74% students, who were mostly 
student athletes, did high intensity PA 4 times a week or 
more. This might be happened because they were in prepa- 
ration for the inter-regional competition which held some 
time after this research occured. Apart from student ath- 
letes, non-athlete students also have the awareness to live 
a healthy life even though there is no demand for them to 
achieve certain targets. The number of non-athlete students 
who have PA in the moderate and high categories reached 
366 students, or around 66.30%. 

Another study found a decrease in PA levels of Hun- 
garian citizen university students as a result of university 
closures (Lukacs, 2021), and another study even showed that 
about half of medical students who participated in the study, 
who should have had knowledge of health, had low PA levels 
(Chootong et al., 2022). The results of this study showed that 
the pandemic conditions do not prevent people from doing 
sufficient PA to maintain their health, but daily habits and 
knowledge differences related to health and physical activity 
might be the distinguishing factor between students major- 
ing in sports and society in general. 


PE teachers are the vanguard for setting the example 
of living a healthy lifestyle to their students (Stelzer, 2005). 
Their involvement with students in PE settings regularly fa- 
cilitates the opportunity to influence positive lifestyle atti- 
tudes. The awareness of students in this study is quite a relief 
because they are prospective PE teachers who will later be 
directly involved with school students. Even though they are 
in a covid pandemic condition, most of PE teacher candi- 
dates still maintained the PA level, although a small number 
of students were still at a low PA level. 

Due to limited funds and time, this study was imple- 
mented only in universities located in Palembang city. Fur- 
ther study can seek extensive information, either in a wider 
scope of participants or participants who have the same 
background with this study but in different areas. 


Conclusions 


PA level in general was decreasing during COVID-19 
pandemic. However, this study shows that most of prospec- 
tive PE teacher candidates from three universities in Palem- 
bang were in the combination of moderate and high PA 
level. While there were some student athletes, non-athlete 
students also have the awareness to live a healthy life even 
though there is no demand for them to achieve certain tar- 
gets. PE teachers are the vanguard for setting the example of 
living a healthy lifestyle, so the PE teacher candidates have 
the opportunity to regularly facilitates the opportunity to 
influence positive lifestyle attitudes in the future. 
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OISU4HA AKTUBHICTb MAUBYTHIX YOUUTENIB O1I3SA4HOTO 
BUXOBAHHA Nig YAC NAHAEMII COVID-19 


Iaxpyc'®”, Baxpro Ingjpa Baro'“®°, Comex Conaxtonyun'?, Mempisan Ycpa'®?*, 
Xeppi lOcpi'®”, Axmay Piupag Biaropian'®®, Apiscxi Pamagxan’®?F 


"Yuipepcutet Cpisispxaa 


Axstopepknit Bkiag: A - qu3aiiH focnippKenua; B - 36ip qanmx; C - ctaranazis; D - nigzrotoBKa pyKonncy; E - 36ip komTis 


Pedepar. Crarra: 7 c., 4 Ta67., 20 a>Kepen. 


Meroro fociigKenna Oyn0 BuMiproBaHHA (isM4HOi AKTMBHOCTi MaiOyTHix yantenis PisM4HOrO BUXOBaHHA B MicTi Ilanem- 
6aur (Ingouesia) nig vac nangemil COVID-19. 

Matepiamn Ta Metoan. Y qocmigKeHHi Opamu yuactb 552 yuacunka (4: 307; 2K: 245) MiniMa/ibHMM Biko 19 poxis (21,27+1,66). 
MerojoM focnispKeHHA Oy10 OMMTYBaHHA 3 BUKOpMcTaHHAM «MiKHapOsHOrO ONMTYBAIbHUKa 3 Pi3sM4HOI aKTMBHOCTI — Koport- 
Ka (opma» (IPAQ-SF) qa oinKM piBHiB Pi3M4HOI aKTMBHOCTI Ta BUTPaT eHepril Ha 6a3i MeraOomi4HOro eKBiBaneHTa PisMdHOi 
axTuBHocti (MET). 36ip qaHmx 3piiicHIOBaIM WAXOM OH/alH-ONMTyBaHHA 3a Zomomorovw [13 Google Popmn. 

Pesynbratn. PesyibTaTv boro JOCMiP2KeHHA MOKAa3yI0TD, WO OibIicT yuaCHUKiB NOEMHyBaIM NOMipHUM i BACOKMM piBHi 
disuiHoi akTuBHocri (88,77%) i mule HeBemMKa KiIbKICTh ydaCcHUKiB Oya B KaTeropii HM3_KOrO piBHA (11,23%). PesyapraTu Ubo- 
TO JOCHiPKeHHA NOKa3zasu, WO YMOBM HaHAeMii He MepeWIKOMKAIOTD MOLAM 3fiMcHIoBaTM FocTaTHii obcar OA pA igTpuMKu 
ixHbOro 3OpoB’A, alle WOeHHi 3BMUKM Ta BiMiHHOCTi B 3HaHHAX, MOB 'A3aHi 3i 3,0poOB'M i Pi3M4HOIO AKTMBHICTIO, MOKYTb OyTN 
@aktTopoM, Wo BispisHAe CTYMCHTIB, AKi HABUAIOTDCA Ha CIOPTUBHMX CHeliaIbHOCTAX, i CyCHisIbCTBO B WiIOMy. 

Bucnosxn. Le qocmigKeHHA NoKasye, WO OibIicTh NOTeHYIMHMX KaHAMAATIB y BUMTeMi Pi3M4HOTO BUXOBAHHA 3 TpbOX 
yuiBepcureris y micti lanemOaur noegquyBan NoMipHun i BucoKul piBeHb DA. Topi ak Oyu feaKi cryfeHTU-cnopTcmeHn, CTy- 
eHTH, AKi He € CIIOPTCMeHaMM, TaKOX YCBIJOMMIOIOTh HEOOXifHiCcTb BECTU 3OPOBUM CHOCIO 2*KMTTA, HaBiTb AKO Bi] HMX HeMae 
MONMTY Ha JOCATHEHHA TeBHMX Lisen. 

Knroyvosi cnoga: pi3sm4uHa aKTMBHiCcTD, PisM4iHe BUXOBAaHHA, COVID-19. 
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Abstract 

The study purpose was to prove the effectiveness of zumba exercise on VO,max, agility, and muscle power in 
students at Universitas Nusantara PGRI Kediri, East Java, Indonesia. 

Materials and methods. This research is a pre-experimental research design with One group Pretest-Posttest Design. 
A total of 15 female students from the Student Activity Unit aerobic dance exercise at Universitas Nusantara PGRI 
Kediri, East Java, Indonesia, aged 19-24 years, body mass index (BMI) 19.0-24.0 kg/m’, normal blood pressure, 
resting heart rate normal, normal oxygen saturation (SpO,), voluntarily participated in the study. Zumba exercise 
was carried out for 30 minutes/session with an intensity of 80% HRmax with a frequency of 3x/week for 8 weeks. 
The measurement of maximum oxygen volume (VO,max) used the Multi-Stage 20-m Shuttle Run Fitness Test. The 
measurement of leg muscle power used the vertical jump test, while the arm muscle power was evaluated using the 
medicine ball throw test. Data analysis used Paired Sample t-Test with a significance level of 5%. 

Results. The results obtained: mean VO,max between pretest vs post-test (26.64+4.25 vs. 30.76+4.20 mL/kg/min; 

p < 0.001), average agility between pretest and post-test (15.76+1.24 vs. 14.55+1.27 seconds; p < 0.001), average limb 
muscle power between pretest vs posttest (394.21+66.36 vs. 411.09+67.45 joule; p < 0.001), and the average arm 
muscle power between pretest vs posttest (123.454+17.12 vs. 138.21+13.92 joule; p < 0.001). 

Conclusions. Based on the results of the study, it was concluded that Zumba exercise carried out for 30 minutes/ 
training session, with an intensity of 80% HRmax, frequency 3x/week for 8 weeks increased VO,max, agility, and 
muscle power in students at Universitas Nusantara PGRI Kediri, East Java, Indonesia. 

Keywords: VO,max, muscle power, agility, zumba exercise. 


Introduction of physical activity, exercise can also provide a forum for en- 
gagement in challenging matters, exploration, skill-building, 
and social integration (Barber & Weichold, 2007). Zumba 
is a physical exercise adapted from Latin dance which was 
first developed in Columbia by a fitness trainer named Al- 
“ P : Y : : . 

iG Puspodare Wandwan, O, Setiane, Ha avbuds, PR, berto “Beto” Perez. ae is : poate of eat cumbia, 
Himawanto, W., Koestanto, S.H., Hantoro, B., Lusianti, S., reggaeton, mambo, chachacha, soca, bhangra, bel ly dance, 
Putra, R.P, Prasetiyo, R., & Pranoto, A., 2022. flamenco, hip hop, tango and samba dances (Suminar et al., 
oS 2018). Zumba exercises are very effective in the teaching 
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Sports and physical activity have a good role in im- 
proving the quality of health (Granero-Jiménez et al., 2022; 
Pranoto et al., 2020). In addition to the good health benefits 
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and learning process of physical, of adults and adolescents 
of school and university age are not sufficiently active (Solei- 
man et al., 2021). 

Zumba exercises combine many sports steps that are easy 
to apply and help a person move many body muscles, such as 
arms, back, legs, and chest. This includes aerobic exercise that 
can increase energy expenditure (Packyanathan & Preetha, 
2020). Zumba exercises help stimulate the heart and lungs, 
improve overall fitness, and move circulation faster. In addi- 
tion, Zumba exercises can also increase the amount of oxygen 
sent to muscles and other body organs (Soleiman et al., 2021). 

Zumba exercises do not follow traditional training 
methods but use all elements of essential fitness during 
training modules. Zumba exercises use physical strength, 
and all parts of the body are moved from head to toe (Parial 
et al., 2022). Therefore, Zumba exercises are quite impor- 
tant for students because regular Zumba exercises can af- 
fect psychological and social outcomes, reduce body weight 
and increase movement strength and blood flow to muscles. 
Zumba exercises positively affect the development of at- 
tributes and skills, muscle strength levels, cardiovascular 
endurance, and weight management (HajGhanbari et al., 
2013). Several studies have stated that a motor training pro- 
gram accompanied by music (Zumba) has a positive con- 
tribution to weight loss (Rossmeissl et al., 2016). Zumba 
exercises have a positive impact on psychological and social 
outcomes. Based on the studies that have been carried out, 
higher scores were found on several physical elements (pe- 
riodic respiratory endurance, motor balance, flexibility, leg 
strength, and neuromuscular compatibility) in students who 
participated in Zumba training compared to students who 
did not participate. Zumba exercise intervention improves 
health and physical fitness in women (Krishnan et al., 2015). 

One way to assess a person’s cardiorespiratory 
endurance is to measure the maximal oxygen volume level 
(VO,max) to measure the capacity of the heart, lungs, and 
blood to carry oxygen to working muscles and measure 
the use of oxygen by muscles (Nugraheni et al., 2017). The 
most common measurement for VO,max prediction is the 
Multi-Stage 20-m Shuttle Run Fitness Test (Paradisis et 
al., 2014; Sugiharto et al., 2022). This test is widely used by 
exercise scientists, teachers, coaches, and fitness advisors 
because it requires limited equipment, is relatively easy to 
perform, and is suitable for the assessment of a large number 
of subjects. As with all tests and measurements used to assess 
the components of physical fitness, critical questions must be 
asked regarding the repeatability and validity of the Multi- 
Stage 20-m Shuttle Run Fitness Test (Cooper et al., 2005). 
Maximum oxygen uptake is assessed by establishing an 
oxygen recovery curve based on the results of the Multi-Stage 
20-m Shuttle Run Fitness Test (Paradisis et al., 2014). On this 
basis, this study aims to prove the effectiveness of Zumba 
exercise on VO,max, agility, and muscle power in students at 
the Universitas Nusantara PGRI Kediri, East Java, Indonesia. 


Materials and Methods 


Study participants 


This research is a pre-experimental research design with 
One group Pretest-Posttest Design. A total of 15 women 
students from the Student Activity Unit (UKM) aerobic 


exercise at Universitas Nusantara PGRI Kediri, East Java, 
Indonesia, aged 19-24 years, body mass index (BMI) 
19.0-24.0 kg/m?, normal blood pressure, resting heart 
rate normal, normal oxygen saturation (SpO,) voluntarily 
participated in the study. All respondents received 
information both orally and in writing before conducting the 
research and respondents also stated that they were willing 
to participate in the research by signing informed consent. 
All procedures performed in our study complied with the 
Declaration of the World Medical Association of Helsinki 
on the ethical conduct of research involving human subjects. 


Study organization 


The Zumba exercise program is implemented and super- 
vised by professional officers from the Faculty of Health and 
Sciences, Universitas Nusantara PGRI Kediri, East Java, Indo- 
nesia. Zumba exercise was carried out for 30 minutes/session 
with an intensity of 80% HRmax with a frequency of 3x/week 
for 8 weeks. Monitoring heart rate during zumba exercise 
using a polar heart rate monitor (Polar H10 Bluetooth Heart 
Rate Sensor & Fitness Tracker, Polar, Kempele, Finland) (An- 
darianto et al., 2022). 

Data collection for measuring body height using a Stadi- 
ometer (Seca Corporation, CHINO, California, USA) (Rejeki 
et al., 2021). Bodyweight was measured using a digital scale 
(OMRON HN-289, Osaka, JAPAN) (Sugiharto et al., 2022). 
BMI is calculated using body weight (kg) divided by body 
height (m7) (Raharjo et al., 2021). Measuring blood pres- 
sure using a digital sphygmomanometer (OMRON Model 
Deluxe HEM-8712 BASIC, JAPAN) on the non-dominant 
arm 3 times in a row with a 2-minute rest interval between 
the two measurements, then the average value of the three 
measurements was taken (Andarianto et al., 2022; Raharjo 
et al., 2021). Measurement of heart rate rest (HR-rest) and 
oxygen saturation (SpO,) using the Beurer Pulse Oximeter 
PO-30 (Rejeki et al., 2021). Measurement of maximum oxy- 
gen volume (VO,max) using the Multi-Stage 20-m Shuttle 
Run Fitness Test (Paradisis et al., 2014). Measurement of leg 
muscle power using the vertical jump test (Garcia-Ramos 
et al., 2017; Cuk et al., 2014), while arm muscle power was 
evaluated using the medicine ball throw test (Leite et al., 
2020). Measurements of VO,max, agility and muscle power 
were carried out pretest and 1x24 hours posttest for 8 weeks 
of zumba exercise intervention. 


Statistical analysis 


Data analysis used Statistical Package for Social Science 
(SPSS) version 21 software. Shapiro-Wilk test was used for 
normality test analysis with a significant level (p = 0.05). 
Paired Sample t-Test was used to compare the average 
VO.max, agility, and muscle power between the pretest 
and post-test. The data is displayed with Mean + Standard 
Deviation (SD). All statistical analyzes use the significant 
level (p < 0.05). 


Results 


The results of the descriptive analysis of research re- 
spondents’ characteristics which include demographics, and 
anthropometry are presented in Table 1. 
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Table 1. The results of the descriptive analysis of the 
characteristics of research respondents 


Parameters n Mean Std. Deviation 
Age (yrs) 1521.13 1.69 
Body height (m) 15 1.56 0.04 
Bodyweight (kg) 15 53.47 5.53 
Body mass index (kg/m?) 15 22.04 1.57 
Systolic blood pressure(mmHg) 15 115.80 2.93 
Diastolic blood pressure(mmHg) 15 75.87 2.90 
Heart rate rest (bpm) 15 76.27 2.91 
Oxygen saturation (%) 15 97.33 1.11 


Based on the results of the descriptive analysis of the 
characteristics of the respondents, the research shows 
that the respondents’ average age (21.13+1.69 yrs), body- 
weight (53.4745.53 kg), body height (1.56+0.04 m), body 
mass index (22.04+1.57 kg/m?), systolic blood pres- 
sure (115.80+2.93 mmHg), diastolic blood pressure 
(75.87+2.90 mmHg), heart rate rest (76.27+2.91 bpm), oxy- 
gen saturation (97.33+1.11 %). The results of the analysis 
of the average maximum oxygen volume (VO,max), agility, 
and muscle power between pretest vs. posttest are presented 
in Figure 1. 
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Fig. 1. The results of the analysis of the average VO,max, 
agility, and muscle power between pretest vs. posttest. 
Description: Maximum oxygen volume (VO,max). Data 
presented with Mean + standard deviation (SD). *Significant 
vs. Pretest (p < 0.001). The p-value is obtained using the Paired 
Sample t-Test. 


Based on Figure 1, it can be seen that there is a change 
in the average maximum oxygen volume (VO,max), agility, 
and muscle power between pretest vs post-test. The results 
of the Paired Sample t-Test show that there is a significant 
difference in the mean VO,max between the pretest vs. post- 
test (26.64 + 4.25 vs. 30.76 + 4.20 mL/kg/min; p < 0.001), 
mean agility between pretest vs. posttest (15.76 + 1.24 
vs. 14.55+1.27 seconds; p < 0.001), the mean limb mus- 
cle power between pretest vs. posttest (394.21 + 66.36 vs. 
411.09 + 67.45 joule; p < 0.001), and the mean arm mus- 
cle power between pretest vs. posttest (123.45 + 17.12 vs. 
138.21 + 13.92 joule; p < 0.001). 


Discussion 


This study aims to determine the effectiveness of zumba 
exercise on maximum oxygen volume (VO,max), agility, and 
muscle power in students at Universitas Nusantara PGRI 
Kediri. The main finding in our study was that there was a 
significant increase in zumba exercise on VO,max, agility, 
and muscle power between pretest and posttest. These find- 
ings provide the support that zumba exercise has many health 
benefits, including increasing VO,max, agility, and muscle 
power. These results are in line with the results of research 
conducted by Donath et al. (2014) concluded that zumba 
exercise improves well-being, aerobic fitness level, and neu- 
romuscular function in female students. Vendramin et al. 
(2016) found evidence that zumba exercise was effective in 
increasing aerobic capacity. VO,max is the main parameter 
of aerobic capacity (Poole & Jones 2017). Poor cardiorespira- 
tory fitness has been linked to chronic disease and premature 
death (Ricci et al., 2020). Exercise and physical activity, such as 
dancing, have a significant effect on improving mental health, 
although evidence suggests that many psychological, physio- 
logical, and biochemical processes may be involved (Domene 
et al., 2016; Teychenne et al., 2008; Crone et al., 2006; Salmon, 
2001). Zumba exercise has been shown to reduce the risk of 
chronic disease by increasing VO,max through many adap- 
tations of the body by physical activity such as increasing 
cardiac size, cardiac output, stroke volume, or the number of 
mitochondria and mitochondrial function (Chavarrias et al., 
2020; Bacon et al., 2013; Wilson et al., 2016). Since the whole 
body is trained at moderate to vigorous intensity and includes 
jumps, moves, core exercises, and choreography with exag- 
gerated arm movements, among other things, increases in 
muscle strength can be possible from low starting levels (Bar- 
ranco-Ruiz & Villa-Gonzalez, 2020). 

The World Health Organization (WHO) recognizes 
physical inactivity as a global public health burden, rep- 
resenting the fourth leading risk factor for global death, 
above high blood pressure, smoking, and high blood gly- 
cemia (Barranco-Ruiz & Villa-Gonzalez, 2020; Benjamin et 
al., 2017). In addition to the health hazards associated with 
the metabolic changes and increased belly fat that usually 
accompany menopause, many women experience weight 
gain as a function of aging (Rossmeissl et al., 2016; Al-Safi 
et al., 2015; Lovejoy, 2009). Weight gain accompanied by a 
tendency to increase central fat distribution is common in 
middle-aged women. These changes are a result of aging, 
decreased estrogen levels after menopause, and other unique 
effects on postmenopausal women that interfere with adopt- 
ing a healthy lifestyle (Kapoor et al., 2017). 

Zumba exercise is the second most popular physical ac- 
tivity after walking for women of all ages (25 to 75 years and 
over) (Fan et al., 2013). Regular physical activity is considered 
one of the most important factors for lifestyle, maintaining 
good health, and increasing life expectancy, especially in 
the elderly (Douka et al., 2019). Public health profession- 
als around the world should emphasize the need to increase 
activity levels during leisure time, as well as the need to in- 
corporate physical activity into activities of daily living (Lee 
et al., 1997). Norouzi et al. (2020) described that aerobic exer- 
cise and zumba exercise could be recommended in addition 
to standard care to improve working memory and reduce the 
severity of depressive symptoms among female patients with 
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fibromyalgia. On the other hand, exercise therapy has become 
more widely used because of its benefits for the cardiovascu- 
lar system, emotional state, and systemic function (Xie et al., 
2020). Lack of physical activity has a hugely adverse effect 
on health all over the world. Reducing or eliminating these 
unhealthy behaviors can substantially improve health (Lee et 
al., 2012). Zumba exercise is considered an activity that of- 
fers different sensory engagements and connects movement 
to music with self-expression and applies different aspects 
of personality (Kaufmann, 2011; Studer-Liithi & Ziiger, et 
al., 2012). Sports and daily activities can not be separated 
from skeletal muscle activity, the most important attribute of 
skeletal muscle is the ability to generate power, the product of 
strength and speed of movement (Kraemer & Newton, 2000). 
So that zumba exercises can be used as an effective sports ac- 
tivity to improve various components of health for the body. 


Conclusion 


In general, it can be concluded that the Zumba exercise 
which is carried out for 30 minutes/training session, with an 
intensity of 80% HRmax, which is carried out 3x/week for 
8 weeks significantly increases the maximum oxygen volume 
(VO,max), agility, and muscle power in the students of Uni- 
versitas Nusantara PGRI Kediri, East Java, Indonesia. Based on 
the results of the study, it can be suggested that Zumba exercise 
can be an alternative non-pharmacological approach to im- 
proving an active lifestyle as an effort to improve health quality. 
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Abstract 


Study purpose. This study aimed to examine the wall and pair models: (1) the difference in the effect of wall and pair 
exercises on Sepak sila (2) the difference between the high and low balance on Sepak sila (3) the interaction of wall 
and pair models with a high and low balance on Sepak sila skills. 

Materials and methods. The method used in this research was a 2x2 factorial experiment. The research 
participants included 24 male students who took extracurricular sepak takraw aged 14-15 years with a height of 
153-170+ centimeters and a weight of 50-60 kilograms. The instruments used in this study were modified bass test 
balance instruments and Sepak sila instruments. Data collection techniques consisted of observation and tests. 

The data obtained were analyzed using a two-way Anova with the help of SPSS 20. 

Results. (1) There was a significant difference in effect between the wall and pair training models on Sepak sila 
skills with F 19.698 and sig. 0.000 <0.05. Based on the findings, the paired model was found to be better with an 
average of 46.17 compared to the model on the wall which obtained an average of 41.50. (2) It was found that there 
was a significant difference in effect between the high and low balance on Sepak sila skills where high balance was 
better with an average of 46.33 compared to low balance with an average of 41.33. (3) It was found that there was a 
significant interaction between the wall-mounted and paired exercise models with a high and low balance on Sepak 


sila skills with F 130.251 and sig. 0.000<0.05. 


Conclusions. In conclusion, the paired exercise model is better than the wall exercise model. As a result, it is advised 
to use a paired model to strengthen the fundamental technical skills of Sepak sila. 


Keywords: pair practice, Sepak sila, sepak takraw, first middle school students. 


Introduction 


Sepak takraw is an original game sport from Asia (Wi- 
bisono, Indriarti & Daniati, 2020; Syam, 2019). This game 
was initially only played in the kingdom, but it developed 
into a recreational and achievement sport over time (Zulkifli, 
Asmawi, Hanif, & Bon, 2019). “Sepak” means kick “takraw” 
means ball made of rattan which the word comes from the 
Thai language (Zarei & Ramkissoon, 2021). The game of 
sepak takraw is played by two competing teams where each 
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team has three players named tekong, feeder, and spiker who 
are separated by a net (Wibisono, Indriarti & Daniati, 2020). 

When it comes to process success, several aspects in- 
fluence it. Technique mastery is one of the aspects that de- 
termine the improvement of achievement in sepak takraw. 
According to studies, to be successful in sepak takraw, play- 
ers must first master basic methods before learning more 
advanced strategies (Asmawi, Hanif, & Bon, 2019; Coh et 
al., 2004; Sukmana, Mutohir & Muhyi, 2021). Another study 
states that to be skilled at playing sepak takraw, each individ- 
ual must master basic techniques including heading, serv- 
ing, smash, blocking, as well as kicking techniques includ- 
ing sepak badek, sepak kuda, sepak cungkil, and Sepak sila 
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(Adrian & Heru, 2020; Rohman Hidayat, 2018; Heriansyah, 
Adelian & Suhartiwi, 2017; Muhyi et al., 2021). 

The main technique in sepak takraw is Sepak sila. Sepak 
sila is a kicking technique using the inside of the foot (Sucipto 
& Sugiyanto, 2017). Another theory states that the main basic 
technique in the game of sepak takraw is Sepak sila, remem- 
bering that when individuals master the technique of Sepak 
sila, it can make it easier for them to receive, control the 
ball, and withstand the opponent’s attacks (Zulman, Umar 
& Atradinal, 2018). Saputra and Supriyadi (2017) stated that 
the basic technique that is important to master is Sepak sila, 
because, in the game of sepak takraw, most use the Sepak sila 
technique to pass and receive the ball well. 

When viewed more closely, the basic practices of Sepak 
sila require balance. Novrianto (2013) conducted a study titled 
“Study on the association between balance and sila skills in the 
game of sepak takraw.’ His investigation discovered a substan- 
tial link. Tahmrin (2011) found that balance and leg muscle 
endurance contributed to Sepak sila in his study. The research- 
er might conclude from the findings of the two studies that 
technical skills are directly related to an individual's balance. 

Efforts to improve the fundamental techniques of Sepak 
sila in sepak takraw, of course, necessitate the use of a good 
and appropriate program and approach. When testing a 
method, trainers are required to experiment. The teaching 
methods with reflections on the wall and the pair train- 
ing method are two that are frequently used to teach basic 
concepts in sepak takraw (Riska, 2020; Mardela & Rahman, 
2017; Tambunan, 2014; Khozali, 2015; Fadli & Yudi, 2019). 

The application of the reflection method to the wall and 
in pairs has been tested and is considered to have a significant 
effect on improving basic techniques in sepak takraw. From 
his study, it was found that there was a significant effect of 
pair passing practice on the skills of passing the ball in takraw 
extracurricular students. Furthermore, Riska (2020), and 
Mardela and Rahman (2017) stated that there was a significant 
effect of practicing soccer skills using individual and pair train- 
ing methods. However, other studies have stated that exer- 
cises with reflected media on the wall do not have a significant 
improvement compared to the hanging ball training method 
(Ermanto, 2013). Although the research from Ermanto (2013) 
provides strong evidence, Khozali (2015) refutes Ermanto’s 
findings based on the results of his research that the paired 
method, wall reflecting media, and hanging media have an 
equally significant increase. Therefore, it becomes an empiri- 
cal problem that requires re-testing by applying the exercise 
method using wall media and pairs supported by observation. 

Observations were carried out at four junior high 
schools that had sepak takraw extracurricular activities. Re- 
searchers at this stage observe the practice process, the coach 
gives instructions to students to hold the ball themselves and 
then play the takraw ball so it doesn’t fall with the correct 
soccer technique. However, additional observation reveals 
that students’ use of the inner foot when performing the sila 
technique is not faultless. Many students continue to strike 
the heel, toe, and outside of the foot. Furthermore, motiva- 
tion to practice versions of the kick model is still very low, as 
seen by students’ mastery of basic movement skills for rock- 
ing and kicking during extracurricular activities. Individual 
exercises with the practice system of holding the ball once 
and then catching it are also common among students in 
this case. Kicking or holding the ball is a mandatory require- 


ment that must be mastered by students so that the practice 
method using reflection media on the wall and in pairs needs 
to be done to optimize basic techniques, especially silage. 
Based on the description described above, it can be 
understood that there are problems regarding the applica- 
tion, understanding, and motivation to practice the basic 
techniques of playing sepak takraw in first middle school 
extracurricular participants. To overcome this, the research- 
ers will apply the exercise method with reflection media on 
the wall and in pairs. The purpose of this study was to test 
the exercise method with reflections on the wall and the pair 
practice method to improve the basic techniques of Sepak 
sila in terms of low and high balance in junior high school 
extracurricular participants in West Sleman Regency, Yo- 
gyakarta Province. This study hypothesizes that there are 
differences in wall exercises and pair exercises on Sepak sila 
skills, there are differences in high balance and low balance 
on Sepak sila skills, and there is an interaction between wall 
and pair exercises as well as balance on Sepak sila skills. 


Table 1. Factorial Experiment Design 2x2 


Practicing (L) 


Balance (K) Sepak sila Practice with Sepak sila Practice in 
Walls (L1) Pairs (L2) 
High (K1) (L1K1) (L2K1) 
Low (K2) (L1K2) (L2K2) 


Where: L1: Sepak sila Practice with Walls; L2: Sepak sila Practice 
in Pairs; K1: High balance; K2: Low balance; (L1K1): Sepak 
sila practice with the wall on high balance; (L1K2): Sepak 
sila practice with the wall on low balance; (L2K1): Sepak sila 
practice in pairs on high balance; (L2K2): Sepak sila practice 
in pairs on low balance. 


Table 2. Instructions for the Sepak sila Skills Test 
Implementation 


Facilities used 

a. Spacious and flat sepak takraw field 
b. Takraw ball 
c. Net 
d. Stopwatch 
e. Meter 
f. Duct tape 
g. Stationary 
h. Whistle 

Implementation 
a. The ball is kicked using a Sepak sila technique (inner foot). 
b. The ball that falls to the ground can be used again, but the 


score on the second shot is determined from the start and 
is valid every time after the ball has fallen until the available 
time runs out. 

c. Balls that are kicked using other techniques (other than Sepak 
sila) can still be used but the score does not count and as long 
as the ball has not fallen to the floor. 

d. The ball that counts must be at chest level. 

e. The area of the control field is not limited. 

f. The time limit applied is one minute. 


Scoring 


a. ‘The score is taken from the number of Sepak sila that can be 
taken in one minute. 

b. Every three kicks are counted with a value of one and so on. 

c. Kicks that are not at chest level will not count. 

d. The overall score is obtained by adding up all the kick scores 
that have been divided by three. 
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Table 3. Practicing program of Sepak sila 


FPplao FPpljao TP ljao FPpljao 


FPljao 


FPpljao 


Sepak sila Practice in Pairs 
Flexibility training 
The ball is thrown with a parabolic dish to the student who 
is the partner. The partner accepts and kicks the ball with 
Sepak sila 1 time and catches it. The ball is thrown back to the 
opponent. 
Dosage: 20 minutes. 3 sets x 8 reps, 30 seconds recovery 
15 minutes Games 


Flexibility Training 

‘The ball is thrown with a parabolic dish to the student who 

is the partner. The partner accepts and juggles the ball with 
Sepak sila 1 time and catches it. The ball is thrown back to the 
opponent. 

Dosage: 20 minutes. 3 sets x 11 reps, 30 seconds recovery 

15 minutes Games 

Flexibility training 

‘The ball is thrown with a parabolic dish to the student who 

is the partner. The partner accepts and juggles the ball with 
Sepak sila 2 times and catches it. The ball is thrown back to the 
opponent. 

Dosage: 20 minutes. 4 sets x 13 reps, 35 seconds recovery 

15 minutes Games 

Flexibility training 

The ball is thrown with a parabolic dish to the student who 

is the partner. The partner accepts and juggles the ball with 
Sepak sila 2 times and catches it. The ball is thrown back to the 
opponent. 

Dosage: 20 minutes. 4 sets x 16 reps, 35 seconds recovery 

15 minutes Games 

Flexibility training 

The ball is thrown with a parabolic dish to the student who 

is the partner. The partner accepts and juggles the ball with 
Sepak sila 3 times and catches it. The ball is thrown back to the 
opponent. 

Dosage: 20 minutes. 5 sets x 18 reps, 40 seconds recovery 

15 minutes Games 

Flexibility training 

The ball is thrown with a parabolic dish to the student who 

is the partner. The partner accepts and juggles the ball with 
Sepak sila 3 times and catches it. The ball is thrown back to the 
opponent. 

Dosage: 20 minutes. 5 sets x 21 reps, 40 seconds recovery 

15 minutes Games 

Flexibility training 

The student juggles the ball using the Sepak sila technique 2 
times and then feeds it to his partner and juggles it 2 times 
without the ball falling 

Dosage: 20 minutes. 6 sets x 23 reps, 45 seconds recovery 

15 minutes Games 

Flexibility training 

The student juggles the ball using the Sepak sila technique 2 
times and then feeds it to his partner and juggles it 2 times 
without the ball falling 

Dosage: 20 minutes, 6 sets x 25 reps, 45 seconds recovery, 

25 reps x 2 sets of target serve behind, overhead, and in front. 
15 minutes Games 


Materials and methods 


Study participants 


This research is experimental research with field test- 


ing (Yulianto & Yudhistira, 202; Wicaksono et al., 2022). 
The experimental approach used is a 2x2 factorial involving 


Sepak sila Practice with Walls Meeting 
Flexibility training 


The ball is bounced off the wall and then juggled 

once with the Sepak sila technique before being 

caught. 12 
Dosage: 20 minutes. 3 sets x 8 reps, 30 seconds , 
recovery 

15 minutes Games 

Flexibility training 

The ball is bounced off the wall and then juggled 

once with the Sepak sila technique before being 

caught. 3,4 
Dosage: 20 minutes. 3 sets x 11 reps, 30 seconds 

recovery 

15 minutes Games 

Flexibility training 

The ball is bounced off the wall and then juggled 

2 times with the Sepak sila technique before being 

caught. 5,6 
Dosage: 20 minutes. 4 sets x 13 reps, 35 seconds 

recovery 

15 minutes Games 

Flexibility training 

The ball is bounced off the wall and then juggled 

2 times with the Sepak sila technique before being 

caught. 7,8 
Dosage: 20 minutes. 4 sets x 16 reps, 35 seconds 

recovery 

15 minutes Games 

Flexibility training 

The ball is bounced off the wall and then juggled 

3 times with the Sepak sila technique before being 

caught. 9, 10 
Dosage: 20 minutes. 5 sets x 18 reps, 40 seconds 

recovery 

15 minutes Games 

Flexibility training 

The ball is bounced off the wall and then juggled 

3 times with the Sepak sila technique before being 

caught. 11, 12 
Dosage: 20 minutes. 5 sets x 21 reps, 40 seconds 

recovery 

15 minutes Games 

Flexibility training 

The ball bounces off the wall and juggles it 

parabolically 3 times and horizontally 1 time 13.14 
Dosage: 20 minutes. 6 sets x 23 reps, 45 seconds s 
recovery 

15 minutes Games 

Flexibility training 

The ball bounces off the wall and juggles it 

parabolically 3 times and horizontally 1 time 

Dosage: 20 minutes. 6 sets x 25 reps, 45 seconds 15,16 


recovery 
15 minutes Games 


two independent variables given treatment, one dependent 
variable, and one controlled attribute variable (Collins et al., 
2014; Rogers & Revesz, 2020). The sampling technique used 
was purposive sampling with the criteria (1) participants 
were extracurricular junior high school (SMP) students in 
West Sleman Regency, Yogyakarta Province, (2) actively 
participated in sepak takraw training, and (3) male. Based 
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on these criteria, there were 24 takraw extracurricular par- 
ticipants aged 14-15 years with a height of 153-1704 and a 
weight of 50-65+ kilograms. 

A total of 24 participants will be divided into four groups 
by testing the modified bass balance test (Jazi et al., 2012). 
The results of the balance test will apply the Match Subject 
Ordinal Pairing (MSOP) pattern with the A-B-B-A pattern 
so that the group becomes balanced. Based on the test, it was 
found that 12 students who had high and low balance would 
be given Sepak sila training with bouncing the ball against 
the wall media, and 12 other students were given Sepak sila 
training with media where students pair up with each other. 
In detail, one group consists of 12 students who are divided 
into 2 teams, each consisting of 6 students who have a low 
balance and 6 students who have high balance Sepak sila 
practice by bouncing the ball against the wall media and in 
pairs. The factorial design is presented in the table 1. 

The next procedure is to do a pretest on the Sepak 
sila group with wall media and in pairs. The instrument 
used was a Sepak sila skills test instrument from Ramadhan 
(2015) with a validity coefficient of 0.71 and a reliability of 
0.68. The study explains that the Sepak sila skills test valid- 
ity coefficient with a value of 0.70 and above has a level of 
measurement accuracy (Guntur et al., 2020; Dewangga & 
Tomoliyus, 2020; Yudhistira et al., 2021), while a reliability 
coefficient of 0.6 to 0.7 indicates moderate accuracy (Chou- 
bin et al., 2019). Therefore, the test of Sepak sila skills can 
be used in research. The procedure for the Sepak sila test is 
presented in the table 2. 


Study organization 


The participants were 24 students divided into two 
groups so each group consisted of 12 students. Students are 
given treatment using wall media by bouncing the ball on 
the wall and in pairs with the number of training frequencies 
3 times a week for 16 meetings. The researcher was assisted 
by four assistants to observe the pretest time during the 
exercise in 16 meetings and the post-test was taken after the 
16th training meeting. The exercise program is presented in 
the table 3. 


Statistical analysis 


The data was processed with the help of SPSS version 20 
(Wicaksono et al., 2022). The data analysis used was a two- 
way ANOVA analysis. If there is an interaction, the analysis 
will be continued using the Tukey test with a significance 
level of 0.05 (Liang, Hiley & Kanosue, 2019). However, be- 
fore applying the analysis, it is necessary to carry out prereq- 
uisite tests including tests for normality and homogeneity 
of the data. Thus, when the data is said to be normal and 
homogeneous, the test can be continued. 


Results 


If it is displayed in the form of a diagram, the data on 
Sepak sila skills can be presented as shown in the following 
graph. 

Based on the graph above, shows that the Sepak sila 
skills of the group (L1K1) who applied wall media and have 
high balance obtained an average pretest score of 35.00 and 


Table 4. Analysis Results in Description of Pretest-Posttest 


Practicing Balance Pretest Posttest 
Sepak sila Practice High (LIK1) 35 41.26 38 +1.10 
with Walls Low (LIK2) 35.53 1.37. 45. +4.15 
Sepak sila Practice High(L2K1) 36 +0.89 54.67 + 0.47 
in Pairs Low (L2K2) 34.50 1.38 37.67 +2.25 


[Keterampilan sepaksila] sepaksila 


L1K1 L1K2 L2K2 
| mPretest 3450 
DPosttest| 38.00 54.67 45.00 3767 


Fig. 1. Graphics of soccer skills 


increased at the post-test to 38.00. The group (L2K1) of 
Sepak sila in pairs who has high balance obtained an aver- 
age pretest score of 36.00 and increased at post-test to 54.67. 
The group (L1K2) of Sepak sila with wall media which has 
a low balance obtained an average pretest score of 35.53 and 
increased at post-test to 45.00. The group (L2K2) of Sepak 
sila in pairs who have low balance obtained an average pre- 
test score of 34.50 which increased to 35.67 at the posttest. 


Table 5. Data Normality Test Results 


Group p significance Information 

LIKI 0,713 Normal 

L2K1 0,968 Normal 
Pretest 

L1K2 0,801 Normal 

L2K2 0,976 Normal 

0,05 

LIKI 0,573 Normal 

L2K1 0,986 Normal 
Posttest 

L1K2 0,996 Normal 

L2K2 0,920 Normal 


Based on the statistical analysis of the normality test that 
has been carried out using the Kolmogorov Smirnov test, 
it was found that all the pretest and posttest data on Sepak 
sila were normally distributed with a significance value of 
p>0.05. 


Table 6. Data Homogeneity Test Results 


F Dfl Df2 
2.134 3 20 


Significance 
0.128 


Based on the statistical analysis of the homogeneity test 
that has been carried out using the Levene test, a significance 
value of > 0.05 was found. This result indicates that the data 
has a homogeneous variance. 

According to the Anova test, the F value is 19,698 and 
the significance value is 0.000 <0.05. In other words, there is 
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Table 6. ANOVA Test Results for Paired Exercise and Wall 
Exercises 


SHuLeE Type III Sum of df Meansquae OF Sig 
Squares 
Exercise 
Method 130.667 1 130.667 19.698 0.000 


a significant difference in the effect between exercises with 
wall media and in pairs on Sepak sila skills. Paired group 
analysis got a score of 46.17 and the group with wall media 
got 41.50 so the post-test difference was 4.67. These results 
indicate that the group with paired exercises produced better 
results. The first hypothesis, that there is a significant differ- 
ence in the effect of pair practice and wall media practice on 
soccer abilities, has thus been proved. 


Table 7. ANOVA Test Results on Differences in High 
Balance and Low Balance on Sepak sila Skills 


Source ype TU Summiot df Mean Square F sig 
Squares 
Balance 150.000 1 150.000 22.613 0.000 


Based on the ANOVA test above, it is presented that the 
F value is 22.613 and the significance value is 0.000 < 0.05 
which indicates a significant difference in influence on the 
Sepak sila skills between extracurricular students who have 
high balance and low balance. Based on the results of the 
analysis, students who have high balance get a score of 46.33 
and students who have low balance get a value of 41.33, and 
students who have high balance are better. Thus, the second 
hypothesis which states that there is a significant difference 
in the effect between students who have high balance and 
low balance on Sepak sila skills has been proven. 


Table 8. ANOVA Test Results on the Interaction of Paired 
Exercises and Wall Exercises with Balance (High and Low) 
on Sepak sila Skills 


Type III Sum of 


Source Sacer df MeanSquare’ F Sig 
Exercise 
Method * 864.000 1 864.000 130.251 0.000 
balance 


Based on the ANOVA test results, the F value is 130.251 
and the significance value is 0.000 <0.05, indicating an inter- 
action. The third hypothesis, that there is a substantial interac- 
tion between pair practice and wall media exercises with high 
and low balance on Sepak sila skills, has thus been proved. 

Based on the Tukey test, the asterisk (*) can be explained 
that the pair having an interaction. Interactions are found in (1) 
L1K1-L1K2 (Sepak sila practice with wall media for students 
with high balance - Sepak sila practice with wall media for 
students with low balance). (2) L1K1-L2K1 (Sepak sila practice 
with wall media for students with high balance - Sepak sila 
practice in pairs for students with high balance). (3) LIK2-L2K1 
(Sepak sila practice with wall media for students with low bal- 
ance — Sepak sila practice in pairs for students with high bal- 
ance), (4) L1K2-L2K2 (Sepak sila practice with wall media for 


Table 9. Post Hoc Test Results 


Group Interaction Mean Difference Std.Error Sig 
L1K2 -7.0000* 1.48698 0,001 
L1K1 L2K1 -16.6667* 1.48698 0,000 
L2K2 0.3333 1.48698 0,996 
LIKI 7.0000* 1.48698 0,001 
L1k2 L2K1 -9.6667* 1.48698 0,000 
L2K2 73333" 1.48698 0,000 
LIKI 16.6667* 1.48698 0,000 
L2K1 L1K2 9.6667* 1.48698 0,000 
L2K2 17.0000* 1.48698 0,000 
LIKI -0.3333 1.48698 0,996 
L2K2 L1K2 -7.3333* 1.48698 0,000 
L2K1 -17.0000* 1.48698 0,000 


students with low balance - Sepak sila practice in pairs for 
students with low balance), (5) L2K1-L2K2 (Sepak sila practice 
with wall media for students with low balance - Sepak sila 
practice in pairs for students with low balance). 


Discussion 


Efforts to improve abilities and skills in sepak takraw 
must be carried out through well-planned exercises and ap- 
propriate training methods. This is following several stud- 
ies which state that training aims to improve competence 
and skills individually and in teams (Sulistiyono et al., 2021; 
Khudolii et al., 2020; Henry, 2013). Reinforced by other 
studies, it is stated that achieving success in the field of sports 
is the dream of every athlete so maximum coaching and 
approaches are needed (Nur, Ilham & Kamaruddin, 2021). 
Moreover, sepak takraw is considered a team sport that uti- 
lizes the mastery of qualified skills (Musa et al., 2020). The 
basic technique is important because various movements 
in sepak takraw require a perfect technique to win a match. 

Coaches play an important part in the success of sepak 
takraw extracurricular students because sepak takraw extra- 
curricular require specific attention not only for complete 
attendance but also for achievement sports. According to 
Nur, Ilham, and Kamaruddin (2021), sport is intended to give 
broader educational engagement and contribution, which ne- 
cessitates an improvement in sports achievement in schools. 

According to a previous study, coaches become like he- 
roes with variable roles who can become facilitators, motiva- 
tors, and parents, and always update knowledge so that the 
athlete’s competence can dramatically rise (Wicaksono et al., 
2022). According to Tirtawirya and Tomoliyus (2020), get- 
ting better at sporting activities is not easy, and it is required 
to pay attention to numerous elements such as physically, 
physically, and technically setting up an exercise program. 

One of the most important basic techniques in sepak 
takraw is soccer. The study explains that the Sepak sila tech- 
nique is the mother of the sepak takraw game because of 
its very vital function, namely to receive kicks from the op- 
ponent’s service, feed to teammates, and as a ball carrier to 
the opponent (Suprayitno, 2018). Therefore, the role of the 
coach is needed to develop a good method to optimize the 
basic techniques of this Sepak sila in sepak takraw. 
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There are numerous training methods used in team 
sports that are carried out in certain games. That is, the train- 
ing method used is appropriate for the competitive con- 
ditions (Said & Syam, 2022). The media training method 
of bouncing the ball against the wall and the pair training 
method are utilized in sepak takraw. These are two options 
for improving the fundamental techniques of sepak takraw, 
particularly the Sepak sila technique. According to a prior 
study, the exercise strategy used alone and in pairs attempts 
to develop the technique to be reached (Said, & Syam, 2022). 

Based on the ANOVA test, the first hypothesis which 
states that there is a significant difference in the effect be- 
tween pair practice and wall media practice on Sepak sila 
skills has been proven with an F value of 19,698 and a sig- 
nificance value of 0.000 <0.05. The analysis of the post-test 
results in the group with pair practice got a score of 46.17 
and the group with wall media got a score of 41.50. Thus, the 
posttest difference is 4.67. In other words, the training meth- 
od in the group with paired exercises produces better results. 

Based on the Anova test, the second hypothesis which 
states that there is a significant difference in influence be- 
tween students who have high balance and low balance on 
Sepak sila skills has been proven, which is indicated by an F 
value of 22,613 and a significance value of 0.000 < 0.05. In 
the analysis of post-test results, students who have high bal- 
ance get a score of 46.33, and students who have low balance 
get a score of 41.33. These results indicate that students who 
have high balance are better than students who have low bal- 
ance in doing the silage technique. 

Based on the Anova test, the third hypothesis which 
states that there is a significant interaction between pair 
exercise and exercises with wall media with high and low 
balance can be said to have been proven with an F value of 
130.251 and a significance value of 0.000 < 0.05. Based on the 
Tukey test, the interacting groups are (1) LIK1-L1K2 (Sepak 
sila practice with wall media for students with high balance 
- Sepak sila practice with wall media for students with low 
balance). (2) LIK1-L2K1 (Sepak sila practice with wall me- 
dia for students with high balance - Sepak sila practice in 
pairs for students with high balance). (3) LIK2-L2K1 (Sepak 
sila practice with wall media for students with low balance - 
Sepak sila practice in pairs for students with high balance), 
(4) L1K2-L2K2 (Sepak sila practice with wall media for stu- 
dents with low balance - Sepak sila practice in pairs for stu- 
dents with low balance), (5) L2K1-L2K2 (Sepak sila practice 
with wall media for students with low balance - Sepak sila 
practice in pairs for students with low balance). In the end, 
the results have been obtained that all the hypotheses pro- 
posed by the researcher have been proven. This is reinforced 
by a study from Jaka (2014) which explains that training 
with individual and pair methods has a significant effect on 
soccer skills where the paired method is found to be better. 


Conclusions 


Based on the results and discussion above, the researchers 
found that (a) there was a significant effect between exercises 
with wall media and pairs on Sepak sila skills where training 
with the paired method was found to have better results, and 
(b) there was a significant effect between students who have a 
high and low balance on the Sepak sila skills where high bal- 
ance results in better performance, (c) there was a significant 


interaction between training with wall media and paired with 
high and low balance. The findings of this study can be used 
as a reference that to improve the basic technical skills of 
Sepak sila, it is recommended to use the paired method. 
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BOJIMB TPEHYBAJIbHO/! MOQEJII TA PIBHOBATU HA HABUYKI 
YYUHIB BAKOHYBATH TEXHIKY CENAK CUJIA HA OAKYJIBTATABHUX 
3AHATTAX CENAK TAKPO B NEPLUIM CEPEQHIU LUKONII 


TOqanto'“2©", Tlepanra lOpicripa®”®, Myxammay Cirit Antoni'®”®, Mumo Centpan'®? 


‘T>KOK AKapTCbKMM epxKaBHMM yHiBepcuTeT 
*CeMapaHICcbKUM JepxKaBHUM yHiBepCuTeT 


Axstopcepknit Bknag: A — qu3aliH focnippKenus; B - 36ip faux; C - ctaranazis; D - nigzrotoBKa pyKonucy; E - 36ip komTis 


Peqepart. Crarra: 8 c., 9 ra67., 1 putc., 38 a>Kepen. 


Meta yocnipakenna. Le qoctiy>KeHHa Maso Ha MeTi BMBUMTU MOfeni TpeHyBaHb Ha CTiHi Ta B Hapax: (1) pisHuuto y BUAMBI 
BUpaB Ha CTiHi Ta B WapaX Ha BAKOHaHHA TexHikn Cenak cima (2) pisHMi0 MDK BUCOKOW Ta HM3bKOIO PiBHOBarOlO Ha BUKOHAHHA 
TexHiku Cenak cvizia (3) B3aeMHMM BIVIMB MOJelelt TpeHyBaHb Ha CTiHi Ta B Mapax i3 BUACOKOI0 Ta HM3bKOI0 PiBHOBarOl0 Ha HaBM- 
UKM BUKOHAHHA TeXHikM Cenak CMa (2KOHT/IOBaHHA M’AUeM Ha HO3i B HOXKHOMY BoseOomi — Cenak TaKpo). 

Martepiamm Ta Metogu. Y ybomy focmispKeHHi BUKOPpUCTOByBa/IM MeTOY (baKTOPHOrO eKCIIepuMeHTY 3a CXeMOIO 2x2. Yuac- 
HUKaMM JOCIisKeHHA Oy 24 yuHi YoMOBI4Oi CTaTi, AKi BiABiLyBanu PakyibTaTMBHi 3aHATTA Cenak TaKpo, BikoM 14-15 poxis, 
3pocrom 153-170+ caHTuMeTpis i Baroro 50-60 kinorpamis. BumipropanbHuMn 3acoOaMn, AKi BAKOPMCTOBYBa/IN B UbOMy ocmi- 
IpKeHHi, Oy BMMiproBasbHi 3acobn MogMikoBaHoro Tecry Bacca Ha AMHaMidHy piBHOBary Ta BUMipIOBa/IbHi 3acoOM TexHikU 
Cenak cua. Metogn 360py 2aHnx cKilajjaiica 3i CHOCcTepexKeHHA Ta TecTiB. Ofep>xKaHi Jani Oy MpoaHai3zoBaHi 3 BUKOpMcTaH- 
HAM [JBOaKTOPHOrO AMcHepciHOrO aHami3zy 3a FOMOMOTOW MporpaMHOro 3abesreueHHA SPSS 20. 

Pesyapratu. (1) Byno BcraHoBsleHO CTaTUCTMYHO 3Ha4YUly pisHMlI0 MK MO/{eAMM TpeHyBaHb Ha CTiHi Ta B Mapax y BIVIMBi 
Ha HaBMuKn Cermak cua 3 WoKa3HNKOM F 19,698 ra sHauyuicrio 0,000 <0,05. Ha nigcrasi unx OTpPUMaHMXx JaHUx MOjelb TpeHy- 
BaHb y lapax i3 cepeq/HiM NOKasHUKOM 46,17 BMABUMACA KpalljOl0, NOPiIBHAHO 3 MOJO TpeHyBaHb Ha CTiHi, AKa OTpMMasia Cepeyy- 
Hit MOKasHUK 41,50. (2) byo BcTaHOBeHO CTATUCTMYHO 3HaYYLWY Pi3HMII0 MK BUCOKOIO Ta HM3bKOIO PiBHOBAarOl0 y BIIMBi Ha 
HaBMuKU Cenak cia, Je BUCOKa piBHoBara Oya Kpaloro i3 cepesqHiM 3HateHHAM 46,33, MOPiBHAHO 3 HM3bKOIO PiBHOBATO!0 i3 Ce- 
peqHiM 3HayeHHaM 41,33. (3) yo BcTaHOB/eHO HaABHiCTb 3Hayy Oi B3aeMOPil MK MOJeAMM HaCTiIHHUX TpeHyBaHb i TpeHyBaHb 
y Napax i3 BACOKOW Ta HM3bKOW piBHOBarOW y BIVIMBi Ha HABMUYKU Cenak Cusia 3 WOKAaSHMKOM F 130,251 ra sHauyuyicri 0,000<0,05. 

Bucnoskn. [liqcymopyoun, Mu JOXOJMMO BUCHOBKY, UjO MOf[eb WapHMX BIpaB Kpalja 3a MOfjenb BUpaB Ha cTini. Tomy 
PeKOMeHJYETbCA BUKOPMCTOBYBaTM MapHy TpeHyBasIbHy MOJesIb [1A 3Mil[HeHHA OCHOBHMX TeXHiYHUX HaBMYOK Celak cusia. 
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Abstract 


Study purpose. The aim of the study was to develop a manual and easy test instrument for basic movement skills in 


early childhood. 


Materials and methods. In this work, we use a research and development (R&D) method. The research procedures 
are: (1) the first stage is a preliminary study in the form of potential problems, data collection, and needs analysis, 

(2) the second stage is instrument development planning, and (3) the third stage is trial, expert evaluations, 

and product revisions, and (4) the fourth stage is model implementation. A total of 155 children aged 4-6 years 
participated in this study. Statistical analysis used is the product-moment correlation for the validity test and 
Cronbach alpha for the reliability test. Data were analyzed using the SPSS application. 

Results. The results of this study are 1) the creation of a basic movement skill test instrument that can measure three 
components, namely locomotor, non-locomotor, and manipulative. 2) Based on this validity test, from 15 research 
instruments of basic movement skills (Y) tested, 15 items were obtained with r-count > 0.133 and were declared valid 
to be used in capturing research data. 3) The results obtained were r-count = 0.676 and r table 0.133, so the value of 
r arithmetic > r table, then this instrument is declared reliable and can be used as a data collection tool. 
Conclusions. The development of basic motion test instruments produce instruments that can measure and evaluate 
the basic movement skills of children aged 4-6 years which include three components, namely, locomotor, non- 


locomotor, and manipulative. 


Keywords: physical activity, motor skills, test instrument, children. 


Introduction 


The basis of the development of motion becomes the 
foundation for each individual to understand the scope of 
motion, namely related to the understanding of the devel- 
opment of motion, the principles of motion development, 
and the purpose and function of the development of mo- 
tion. Some literature recommends that physical education 
programs should provide intensive guidance on the basic 
movement skills needed to support various physical activities 
(O’Brien et al., 2016). Motion skills are closely related to mo- 
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tor development. Motor development discusses changes in 
movement behavior over time, including all behaviors during 
life, where the underlying processes of the changes we see, and 
the factors that affect motor behavior (Haywood et al., 2012). 
In humans, the development of motion is a change from the 
ability of motion in infants to adults involving various aspects 
of behavior and ability to move, aspects of behavior and devel- 
opment of motion affect each other. The development of basic 
motion or motor skills in children is shaped and influenced 
by their environment (Zhang & Cheung, 2019). One of the 
developments of motor skills in children is eruptions at dif- 
ferent levels, some children can be enriched, but others are 
not ready, some can route, while others are not visually ready. 

The importance of motor skills as the main basis for 
improving special motor skills, especially in general sports 
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(Komaini et., al 2022). However, to date, research on the 
relationship between basic and specialized motor skills in 
movement has been very rarely reported (Kokstejn & Mu- 
salek, 2019). The effectiveness of movement is often over- 
looked because it is a natural part of human life. However, 
it is essential for children’s physical, cognitive, and social 
development. In addition, experience strongly supports the 
learning and development of fundamental movement skills. 
The foundation of these skills is laid in childhood which is 
important to encourage lifestyle active behavior (Bouffard, 
2016). 

Basic motor skills are divided into three categories, 
namely locomotor, non-locomotor, and manipulative. Non- 
locomotor abilities are performed on the spot, without an 
adequate range of motion. Non-locomotor abilities such as 
stretching, bending, lifting, pulling, folding, twisting, drag- 
ging, coiling, soaring, and others. The locomotor ability is 
used to move an object from one place to another. in addi- 
tion to locomotor abilities such as jumping, walking, and 
running. Meanwhile, manipulative abilities are developed 
when children master various objects. Manipulative abilities 
involve more hands and feet, but other parts of our body 
can also be used. Object manipulation is far superior to the 
coordination of the ankles and eyes of the hand, where this 
coordination is important enough for the process of walk- 
ing in the motion space, the forms of manipulative abilities 
consist of, the movement of pushing (throwing and hitting, 
kicking), the movement of receiving (capturing) objects is an 
important ability taught by using plastic balls made of rub- 
ber pads (medical balls) or plastic balls with bouncing and 
dribbling movements. Movement actions such as catching, 
kicking, and running appear to have a stronger relationship 
with children’s functional abilities (Capio et al., 2011). Low 
competence in fundamental motor skills is associated with 
lower levels of cardiorespiratory fitness and physical activity 
in children and adolescents. Characteristics of students who 
have competence in movement skills differ in gender and 
skills (Hardy et al., 2012). One study reported that children’s 
movement and object control skills were not correlated with 
their BMI levels. In addition, most of the correlation coef- 
ficients between BMI and locomotor skills, as well as the 
correlation between BMI and object control skills were not 
significant (Kim & Lee, 2016). 

Movement skills are fundamental as a term related to 
physical activity (Basman, 2019). Fundamental motor skills 
are defined as a series of organized basic movements involv- 
ing a combination of movement patterns from two or more 
segments of the body (Hardy et al., 2012). The development 
of children’s fundamental motor skills is shaped by the sur- 
rounding environment (Cheung & Zhang, 2020). Recent 
evidence reports that children have the developmental po- 
tential to master most of the fundamental motor skills by the 
age of 6 years during physical education, physical activity, 
and sports (O’Brien et al., 2016). However, 61% of teach- 
ers indicated they were aware of their current limitations 
and thus requested professional development opportunities 
related to early childhood physical activity (Sevimli-Celik 
& Johnson, 2013). Adequate development of fundamental 
motor skills in children can result in participation in more 
varied physical activities (Gu, 2016). Schools that include 
learning experiences of fundamental motor skills that are in 
line with developments delivered by highly trained physical 


education teachers significantly increase the fundamental 
skills of motor skills in adolescents (Morgan et al., 2013). 
Children who don't learn fundamental motor skills are more 
likely to become unskilled adults who don’t innovate much 
(Johnson et al., 2019). Children who move very rarely are 
at risk for developmental disorders in the cognitive, motor, 
linguistic, behavioral, and social domains. In addition, sev- 
eral environmental factors are known to be the main triggers 
(Miirner-Lavanchy and Anderson, 2018). Low competence 
in fundamental motor skills is associated with lower levels 
of cardiorespiratory fitness and physical activity in children 
and adolescents (Hardy et al., 2012). The results found that 
girls had higher levels of motor skills compared to boys of 
the same age (Nikoli¢ et al., 2016). In addition, inaccurate 
perceptions of motor competence can jeopardize children’s 
involvement in physical activity (Almeida et al., 2017). 

The measuring instrument for the test of movement 
skills is considered indispensable to determine the motor 
development of children. Several measuring tools to mea- 
sure the development of human movement such as (1) Motor 
test fiir vier bis sechsjahrige Kinder (MOT 4-6) which is a 
coordination assessment tool for preschool children recom- 
mended for educational research purposes due to a certain 
age range. To assess children at the age of 4 years to 6 years 
11 months. This test kit comes from Germany and has been 
developed to contribute to the measurement of fundamental 
motor skills development. In addition, this tool opens up 
opportunities for early detection of delays or deficiencies in 
fundamental motor skills (Bouffard, 2016). Furthermore, 
the measurement of movement skills for children using the 
movement-ABC test is a revision of the Motor Test Drop 
derived from the Oseretsky scale for children’s motor capac- 
ity. This tool is suitable for children aged 4 to 12 years and is 
very useful in exploring problems of functional integration 
of motor control or problems that often first arise in the 
late early preschool and elementary school years (Hu et al., 
2021). Furthermore, Peabody Developmental Motor Scales- 
Second Edition (PDMS-2) is a motor skills assessment tool 
that measures gross and fine motor skills. This tool focuses 
on assessing children with disabilities and also determines 
the balanced development of fine and gross motor move- 
ment skills, identifies skill deficits, and evaluates progress. 
Furthermore, the Deutsche Motoric Test (DMT) is to objec- 
tively assess quantitative aspects of movement skill patterns 
in addition to the performance of qualitative movement skills 
such as flexibility, balance, and strength (Gruber et al., 2020). 
Assessment of basic motor skills remains an important tool 
in classifying a person's level of basic motor skill proficiency. 
Fundamental motor skills performance collection for assess- 
ment and monitoring has remained unchanged over the past 
few years (Ward et al., 2017). The test distinguishes between 
children with normal motor behavior and without normal 
motor behavior. Each measuring instrument has a certain 
classification or function because each measuring instru- 
ment is not suitable for every age, it is necessary to under- 
stand the appropriate measuring instrument used so that the 
measuring instrument used is valid or appropriate. 

Instrument Development is very important to do. Re- 
search is needed to examine the efficacy of such techniques 
in real-world settings, which could change our perspective 
on the potential of technology to enable children’s physical 
motion activity and fundamental motor skills (Barnett et 
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al., 2013). The test has important implications for imple- 
menting freely available, manageable, fun, interventional, 
and interactive motion learning to help children improve 
their manual dexterity skills (McGlashan et al., 2017). It also 
developed measuring instruments such as PERF-FIT that 
can measure fitness related to motor skills in children aged 5 
to 12 years in a variety of settings and help doctors monitor 
the level of basic motor skills (throwing, bounce, catching, 
jumping , and balancing) (Smits-Engelsman et al., 2021). 
But for some of the tools that have been described definitely 
require adequate technology. In order to answer a challenge 
in the development of tests that are felt to make it easier 
for parents or teachers to know the child’s motor skills, it is 
necessary to develop senior test equipment. In addition to 
being a test, the instrument can also be used as one of the 
learning media. To achieve this, a greater understanding of 
the process of assessing human movement skills is required 
(Ward et al., 2017). 


Materials and methods 


Study Design 


This study used a Research and Development (R&D) 
approach. The research procedure is: (1) the first stage is a 
preliminary study in the form of potential problems, data 
collection, and analysis of needs, (2) the second stage is the 
planning of instrument development, and (3) the third stage 
is trials, expert evaluation, and product revision, and (4) the 
fourth stage is the implementation of the model. 


Participants 


A total of 155 children aged 4-6 years participated in 
this study. 


Statistical Analysis 


Statistical analysis used is the product-moment correla- 
tion for validity test and Cronbach alpha for reliability test. 
Data were analyzed using the SPSS application. 


Table 1. Development of Basic Motion Skills Instrument Grid 


Variable 


Early 
Childhood 
Basic Motion 


Sub variable Indicator 


Run 

Gallop 

Walk 

Hop 

Leap 

Skip 

Balance 
Movement 
Coordination 


Locomotor 


Non-Locomotor 


ie Ss eS HR 00: (No 


Hand Gestures 
2. Foot movement 


Manipulative 


Ce NE Se SNE | OR OS 


Results 


Product Description 


Basic Motion is a skill that involves large muscles, and 
muscle strength involving arms and legs that are used to 
achieve an exercise or movement goal. The muscles that play 
a role include arm muscles, limb muscles, shoulder muscles, 
back muscles, and abdominal muscles. Basic moves are per- 
formed in the form of walking, tiptoeing, jumping, running, 
rolling, catching, throwing, twisting, kicking, and bouncing 
the ball. The instrument developed includes three compo- 
nents: 1) Locomotor movement consists of a) Running, step- 
ping quickly, until there isa movement where both legs float 
briefly in the air, b) Gallop - performing horse steps quickly, 
c) Hops - jumping within the minimum distance on each 
foot, d) Leap - carrying out related skills by jumping over 
objects with one foot, e) Horizontal jump — performing hori- 
zontal jumps from standing positions forward as far as pos- 
sible, f) Slide - sideways movement on a straight line from 
one point to another, 2) Non-locomotor movement consists 
of a) jumping in a place with two legs, b) jumping in a place 
with one leg, three times in a row, c) standing with one leg 
for 10 seconds, d ) movement resembling an airplane, e) and 
climbing stairs in turn, and 3) Manipulative movements in- 
clude: a) throw the ball with one hand, b) catch the ball with 
two hands, c) kick the ball, d) roll the ball, e) bounce the ball. 

The Basic Movement Skills Test instrument grid includes 
3 (three) components, namely Locomotor, Non-locomotor, 
and Manipulative (see Table 1). The results of the develop- 
ment of basic movement skills test instruments (see Table 2). 


Expert Improvement Advice Data 


The next step is to seek opinions and advice from ex- 
perts. Experts’ opinions and suggestions are used to improve 
the quality of products made. The following opinions and 
suggestions from experts on the draft motor learning model 
for early childhood (see Table 3). 

Based on expert input, the basic motion instrument 
development model underwent several improvements. Im- 
provements were made to the instructions for implementing 


Sub Indicator Test Items 
Running Straight 1, 2, 3, 4,5 
Horse Run 
Jinjit walk 
Jump forward with two legs 
Jumping in different directions 
Jump in place with two feet 6, 7, 8, 9, 10 


Jump in place with one foot 
Stand on one leg 

Move like an airplane 

Go up and down stairs 


Throw the ball with one hand 
Catch the ball with one hand 
Kick the ball with one foot 
Rolling the ball with one hand 
Bounce the ball 


11, 12, 13, 14, 15 
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Table 2. Basic Motion Skills test instruments 


MOTOR SKILLS TEST FUNDAMENTAL FORM 
Note: this form is used to perform basic motion skills tests for Early Childhood 
Test Dates: 
Name: Date of birth: 
Gender: School/Kindergarten Origin: 
Address: Parent Name: 
Anthropometry 
Weight 
Height 
Arm Circumference 


Head Circumference 


I. LOCOMOTOR COMPONENTS Bs Bdb 
1 Running back and forth on a 10-meter straight line 
2 Horse Run (Gallop) back and forth Bali On a straight line for 10 meters 
3 Walk back and forth with the tips of the toes for 5 meters 
4 Jumping forward with two legs 5 times 
5 Jump to the left and right sides and back and land on two legs simultaneously 
twice 
II. NON-LOCOMOTOR COMPONENTS Bs Bdb 
6 Stand on one leg with eyes closed for 10 seconds 
7. The attitude resembles an airplane that is one of the legs raised, both hands 
stretched out and then 
slowly wrapped around the body for 5 seconds 
8 Rotate half the body where the position of both legs remains, and the limbs 
from the waist to the head are directed to the left and right sides alternately 
9 Bend the body to duck and squat 
10 Rotate the Body by changing the position of the legs to change the position 
of the body facing in different directions. 
II. MANIPULATIVE COMPONENTS Bs Bdb 
11 Throw the ball with one hand 
12 Catch the ball with two hands 
13 Kicking a Ball with one foot 
14 Rolling the ball with one hand 
15 Bounce the ball with one hand 


Table 3. Expert advice and input 


Number Material Experts Feedback on Learning Models 

1. The instructions for the implementation of the test need to be clarified. 

1 Expert 1 : : 
2. Explanation of the test item 
1. Instruments need to be clarified. 

2. Expert 2 2. Balance of test items between components, namely locomotor, non-locomotor, and 

manipulative 

1. Research criteria must be made 

2 Expert 3 : eas 
2. Terms must be given a description 
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activities, instruments, and objectives. The next step after the 
repair is product trial. 


Product Test Results 
Validity 


Based on the validity test, of the 15 basic movement 
skills research test instruments tested, 15 items were ob- 
tained whose r-count > 0.133 and were declared valid to be 
used in research data collection. 


Reliability 


Calculation of reliability of regulatory variable instru- 
ments using Cronbach alpha formulas by comparing the 
calculated r-value with the r table. The criteria if the value 
of r count > r table, then the instrument is declared reliable. 
The results obtained at the calculated r-value = 0.676 and the 
r table value is 0.133, so the calculated r-value > r table, so 
this instrument is declared reliable and can be used as a tool 
to collect data. 


Discussion 


This research produces a product in the form of a ba- 
sic movement skill test instrument. This product is recom- 
mended to be used to measure basic movement skills aged 
4-6 years. If children are to live physically active lives, we 
need to help them acquire the motor skills that enable them 
to participate in a variety of physical activities. In addition, 
monitoring the level of development of basic movement 
skills needs more attention. Previous research reported that 
children given physical education showed higher standard 
motor skill scores than children given recreation (Lemos 
et al., 2012). These results explain that regular, structured 
physical education improves motor skills in early childhood. 

There are several things needed to increase the physi- 
cal activity of preschoolers: (1) improving teacher knowl- 
edge through both service training and in-service training, 
(2) creating classrooms, schools, and playrooms that allow 
children to move and play safely, and (3) developing teacher 
self-efficacy through health-related fitness activities, (4) en- 
couraging parental involvement by educating parents about 
their role in physical-child behavior, and (5) collaborated and 
work with colleagues in other departments to share ideas, 
resources, and methods in terms of the implementation of 
physical activity in early years children (Tandon et al., 2015). 

This test instrument has gone through a trial phase to 
calculate its validity and reliability level. Validity in research 
is something that shows accuracy or truth (Rifki et al., 2022). 
A valid instrument has high validity (Nurhasanah et al., 
2022). Otherwise, an instrument that is less valid means it 
has low validity. The validity of content is the rate at which a 
test measures the scope of the intended content. The validity 
of the item point to the question of whether the test items 
represent the size of the scope of the desired content, and the 
validity of the sampling point at how well the test represents 
the entire scope of the overall content (Smits-Engelsman et 
al., 2021). It has been explained the importance of reliabil- 
ity and validity through a test. As for testing item validity 
(construct validity), expert opinion can be used. In this case, 
after the instrument has been constructed, the aspects to be 


measured are based on certain theories, then the experts are 
consulted. After the construction testing from experts and 
based on empirical experience in the field was completed, it 
was continued with instrument testing. 

Based on the results of the study is known to have high 
reliability enough to be used as an instrument test in the mo- 
toric assessment of children. High reliability demonstrates 
consistency in such measurements (Smits-Engelsman et al., 
2021). In addition to being an instrument for motor tests, it 
can also be used as a learning tool to continuously train and 
improve children’s motors. 


Conclusions 


The development of basic motion test instruments pro- 
duce instruments that can measure and evaluate the basic 
movement skills of children aged 4-6 years which include 
three components, namely, locomotor, non-locomotor, and 
manipulative. 
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POSPOBKA IHCTPYMEHTIB TECTYBAHHA BASOBUX 
PYXOBUX HABUYOK AIA AITEA MONOGWOFLO BIKY 


Auton Komanni'““, Anyap Kipam'“**, Myxamay Caseni Pidxi'*, 
Cpi lycri Xanpaani'“??, Hopagpi Aro6i*“?”, Pomi lOnixa Iytpa**° 


‘TlaqaHrcbkum JjepkaBHUM yHiBepcuTeT 
*CypabalicbKul epxKaBHMM yHiBepcuTeT 
*TagaHrcbKuM epxKaBHMM ictaMcbKuM yHiBepcutet imeHi Imama bonppKora 


AxBtopcepknit Bkiag: A - qu3aiiH focmippKenus; B - 36ip faux; C - craranamis; D - nigrotoBKa pyKonncy; E - 36ip KkomTiB 


Pedepar. Crarra: 8 c., 3 ra67., 28 a>Kepen. 


Mera yocnigxenua. Mera yporo JocmispKeHHA NOMALasa B TOMY, W106 pospobuTu py4yHnn i 3py4Hul TecTyBanbHnn incTpy- 
MEHT JIA 6A230BMX pyXOBUX HaBMUOK y AiTeli MOMOMMOTO Biky. 

Matepiamn Ta Meroqu. Y uit pobori mu BUKOpMcTOByeMo MeToOg AOcTipKeHHA Ta pospobkn (R&D). JocmigqumupKi mpo- 
yenypu: (1) nepmmmii eram - ye monepegqHe ZocmigxKeHHA y PopMi NoTeHUiMHMx UpobseM, 360py FaHMx Ta aHamisy noTped, 
(2) apyruii eran - niaHyBaHHA pospoOKu inctpymenta, (3) TpeTii eran — BupobyBaHHA, eKCHepTHi OLIHKU Ta JOOMpaloBaHHA 
uponykry, (4) verBeprun erat — BUpOBaypKeHHA Mopeni. Y ubomMy AociispKeHHi Opa yuacTb 3araziom 155 pire BikoM 4-6 poKiB. 
AK cTaTucTMYHMM avani3 BAKOpUCTOByBaIM Koedivient Kopenauii Mipcona qa Tecry Ha BaligHicT Ta anpdpy KpouOaxa AA 
TecTy Ha HajlitHicrb. AHasli3 JaHMXx 3fiMCHIOBa/IM 3 BAKOPMCTaHHAM IIporpaMHOro 3ab6e3meyeHHA SPSS. 

Pesynpratn. PesyibTaTu Uboro AOCHispKeHHA NomAraioTD y 1) crBopeHHi incrpyMeHTa TecTYBaHHA 6a30BMX PpyXOBMX HaBi- 
YOK, AKU MO%Ke BUMIpIOBATM TPM KOMIOHEHTH, a CaMe JIOKOMOTOPHMM, HEOKOMOTOPHUM Ta MaHinynayinnun. 2) Ha nigcrapi 
uboro TecTy Ha BasligHicTb is 15 npoTecroBaHUXx JOCMIPHUUEKUX iHCTPyMeHTiB IA 6a30BMX pyXOBMX HaBM4OK (Y) 6yn0 oTpu- 
mano 15 ememeHTiB 3i 3HaueHHAM r-count > 0,133 Ta BM3HaHO Ix JiMCHMMM [1A BUKOpMCTaHHA pu 360pi AaHMx WOcipKeHb. 
3) OpepxKani pesynpraru 6ynn r-count = 0,676 Ta r table 0,133, romy sHa4eHHa r arithmetic > r table, rogi ye inctpyMeHT orono- 
WeHO HafiMHMM i MOro MOKHa BAKOPMCTOByBaTM AK 3aciO 300py TaHMXx. 

Bucuosku. Pospo6ka incrpyMeHTiB JIA TeCTyBaHHA 6a30BMx PyXiB CTBOpIoe iHCTpyMeHTH, AKi MOXKYTb BUMIpIOBaTM Ta 
ouiHioBaTu 6a30Bi pyxXoBi HAaBMYKU iTel BiKOM 4-6 POKiB, AKi BK/IIOUAIOTb TPM KOMMOHEHTH, a CaMe: IOKOMOTOPHMM, HeOKOMO- 
TOPHUM Ta MaHinyAAyinHMn. 

Knroyvosi cosa: pi3sm4uHa aKTMBHICTD, pyxXOBi HABMUKU, TECTYBaIbHMM iHCTpyMeHT, JiTH. 


Information about the authors: 
Komaini, Anton: antonkomaini@fik.unp.ac.id; https://orcid.org/0000-0002-2955-0175; Faculty of Sport Science, Universitas 
Negeri Padang, Jl. Prof. Dr. Hamka No.1, Air Tawar Bar., Kec. Padang Utara, Kota Padang, Sumatera Barat 25173, Indonesia. 
Kiram, Yanuar: yanuarkiram@fik.unp.ac.id; https://orcid.org/0000-0001-9737-3484; Faculty of Sport Science, Universitas Negeri 
Padang, Jl. Prof. Dr. Hamka No.1, Air Tawar Bar., Kec. Padang Utara, Kota Padang, Sumatera Barat 25173, Indonesia. 


Rifki, Muhamad Sazeli: msr_rifki@fik.unp.ac.id; https://orcid.org/0000-0002-8539-0655; Faculty of Sport Science, Universitas 
Negeri Padang, Jl. Prof. Dr. Hamka No.1, Air Tawar Bar., Kec. Padang Utara, Kota Padang, Sumatera Barat 25173, Indonesia. 
Handayani, Sri Gusti: srigusti@fik.unp.ac.id; https://orcid.org/0000-0002-6939-8876; Faculty of Sport Science, Universitas 
Negeri Padang, Jl. Prof. Dr. Hamka No.1, Air Tawar Bar., Kec. Padang Utara, Kota Padang, Sumatera Barat 25173, Indonesia. 
Ayubi, Novadri: novadriayubii@yahoo.com; https://orcid.org/0000-0002-5196-6636; Doctoral Program of Sport Science, 
Universitas Negeri Surabaya, Jl. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, Indonesia. 

Putra, Romy Yunika: romy.yunikaputra@uinib.ac.id; https://orcid.org/0000-0002-7415-1683; Faculty Islamic Economic and 
Business, Universitas Islam Negeri Imam Bonjol Padang, Jl. Prof. Mahmud Yunus Lubuk Lintah, Anduring, Kec. Kuranji, Kota 
Padang, Sumatera Barat 25153, Indonesia. 


Cite this article as: Komaini, A., Kiram, Y., Rifki, M.S., Handayani, $.G., Ayubi, N., & Putra, R.Y. (2022). Development of Basic 
Movement Skills Test Instruments for Early Childhood. Physical Education Theory and Methodology, 22(4), 493-499. 
https://doi.org/10.17309/tmfv.2022.4.06 


Received: 18.07.2022. Accepted: 09.12.2022. Published: 23.12.2022 


This work is licensed under a Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0). 


499 


Teopia Ta MeTognka di3M4HOrO BUXOBaHHA ISSN 1993-7989 (print) 


Physical Education Theory and Methodology ISSN 1993-7997 (online) 
ISSN-L 1993-7989 


Teoria ta Metodika Fizi¢nogo Vihovanna 


ORIGINAL SCIENTIFIC ARTICLE 


DEVELOPING AN ALGORITHM FOR BUILDING INDIVIDUAL TRAINING 
PROGRAMS FOR HIGHLY QUALIFIED MULTI-SPORT ATHLETES AT THE 
STAGE OF DIRECT PREPARATION FOR WINTER SEASON COMPETITIONS 


Vadym Adamchuk"“*°"F, Natalia Shchepotina'“®©"*, Viktor Kostiukevych'“?°"", 
Oksana Shynkaruk”*°”F, Olena Mitova**“"", Tetiana Didyk'**, 
Svitlana Dmytrenko'*©”* and Iryna Kulchytska'®°* 


'Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University 
*National University of Ukraine on Physical Education and Sport 
*Prydniprovsk State Academy of Physical Culture and Sport 


Authors’ Contribution: A - Study design; B - Data collection; C — Statistical analysis; D - Manuscript Preparation; E - Funds Collection 


Corresponding Author: Viktor Kostiukevych, kostykevich.vik@gmail.com 
Accepted for Publication: December 9, 2022 
Published: December 23, 2022 


DOI: 10.17309/tmfv.2022.4.07 


Abstract 

The purpose of the study was to develop and experimentally justify the effectiveness of the algorithm for building 
individual training programs for highly qualified multi-sport athletes at the stage of direct preparation for the main 
competitions of the winter season. 

Materials and methods. Five highly qualified multi-sport athletes, whose sports qualification is the Master of Sports 
of Ukraine, took part in the pedagogical experiment. The mean age of the participants was (M+SD) 25.2+1.79 years. 
The main goal of the formative stage of the experiment (2020-2021) was to develop programs for the structural 

units of the training process (training classes, microcycles, mesocycles, and the stage of direct preparation for the 
main competitions) based on the developed algorithm for building individual programs. We have developed six 
consecutive steps for the purpose of achieving full preparation of athletes for major competitions. 

Results. The implementation of an individual program at the stage of direct preparation for winter season 
competitions is effective and enables qualified multi-sport athletes to reach the peak of their sports form during 
participation in the competitions of the Ukrainian indoor heptathlon championship. This is evidenced by the 
achieved statistically significant differences (p<0.05) in all indicators of physical and functional fitness compared to 
the ascertainment stage of the experiment. The increase in indicators was 2.8-4.4% in the running tests, 4.0-4.2% in 
the tests reflecting speed and strength abilities, 6.6 % in the strength control exercise. We note a statistically significant 
(p<0.05) positive increase during the formative stage in the indicators of physical performance of multi-sport athletes 
within the range of 5.8-6.0 % and in the indicators of aerobic productivity within the range of 4.4-4.5%. 

Conclusions. ‘The use of the algorithm for building an individual program of preparation for competitions of highly 
qualified multi-sport athletes orients the coach and athlete towards achieving the desired sports result in the shortest 
way with economical and rational use of training equipment at the most difficult and responsible stage of direct 
preparation for the main competitions. Compliance with the stated provisions of the algorithm made it possible to 
rationally plan and choose the best option for building the training process. 

Keywords: combined events, multi-sport athletes, training process, programming, stage of direct preparation, algorithm. 


Introduction of competitions, continuous development, financial and rat- 
ing incentives. In this regard, the search for actual approach- 
es to improving the system of training athletes in order to 
increase the effectiveness of the training process and achieve 
TTT TT _ high competitive results constitutes a primary task (Guthrie, 
© Adamchuk, V., Shchepotina, N., Kostiukevych, V., Shynkaruk, O., 2003; Platonov, 2006; Ganse & Degens, 2021). 


DIINO ots UR Ty ay Mee os chy ee To date, domestic decathletes have not yet come close 
i‘@ TMOB to the high positions of the world ranking, as evidenced by 
“@® wo 


Modern trends in the development of combined events 
are primarily characterized by a significant variety and scale 
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the existing records of Ukraine in certain types of combined 
events. Over the last decade, only one decathlete, Oleksii 
Kasianov, represented the Ukrainian team at the European, 
World and Olympic Games. Other leading multiathletes 
managed to reach during this time only the level of Master 
of sports of Ukraine. Therefore, the situation that has devel- 
oped recently in Ukrainian combined events is characterized 
by an obvious contradiction between the desire of coaches 
and athletes to find new technologies for building the train- 
ing process and the insufficient scientific base and outdated 
methodological provisions of athletic combined events (Bo- 
brovnik, 2014; Kutek & Akhmetov, 2018; Platonov, 2020). 

The domestic practice of training highly qualified track 
and field athletes, compared to the international practice 
(Thompson, 2009) has a number of organizational and tech- 
nological inconsistencies. In particular, this refers to the in- 
sufficient observance in the preparatory period of the prin- 
ciples of overload, reversibility and specificity in the training 
process in order for the purpose of improving sports results 
(Bompa, Haff, 2009; DeWeese et al., 2015; Kutek et al., 2018), 
the lack of orientation of athletes towards the adequate use of 
mechanisms of energy provision of training loads (Wilmore 
et al., 2012; Liang, Xiao, 2014; Santos et al., 2021), lack of 
adequate control of adaptive mechanisms for the develop- 
ment of physical performance of athletes in the prevention 
of overfatigue, overtraining and sports injuries (Zemper, 
2005; Meron & Saint-Phard, 2017), focusing on the iden- 
tification and priority development of individual successful 
competitive disciplines (Kenny et al., 2005; Bili¢ & Balic, 
2015; Pavlovié & Idrizovié, 2017). 

Analysis of the available literature indicates the pros- 
pects of using an individual approach in the training pro- 
cess of highly qualified athletes. In particular, Kozina et al. 
(2015) presented the concept of individualization based on 
the definition of the leading factors in the individual struc- 
ture of preparedness and individual dynamics of competitive 
activity, on the basis of which appropriate technologies for 
increasing the focus of the training process were individually 
implemented. In their work, Kozlova et al. (2020) analysed 
and compared individual anthropometric characteristics 
and biomechanical indicators of long jump technique by 
athletes from Ukraine and China. As for athletics combined 
events, the research by Dobrynska (2015) substantiates the 
modelling of competitive activity as a basis for individual- 
izing the construction of multi-year training of women in 
heptathlon. 

Taking into account the fact that combined events is 
technically the most difficult and physically demanding 
athletics discipline, as well as taking into account the lim- 
ited number of thorough national studies of the problem 
of individualizing the training process of multiathletes at 
the stage of direct preparation for competitions, there is a 
natural need to develop an algorithm for building individual 
training programs for highly qualified multiathletes. 

Research hypothesis: it was assumed that the devel- 
opment of an algorithm for building individual training 
programs for highly qualified multiathletes for the main 
competitions will allow to systematically and purposefully 
influence the adaptive resources of athletes to obtain delayed 
training effects and high sports results. 

The purpose of the study was to develop and experimen- 
tally justify the effectiveness of the algorithm for building in- 


dividual training programs for highly qualified multiathletes 
at the stage of direct preparation for the main competitions 
of the winter season. 


Material and methodology 


Participants 


5 highly qualified multiathletes, whose sports qualifi- 
cation is the Master of Sports of Ukraine, took part in the 
pedagogical experiment. The mean age of the participants 
was (M+SD) 25.2+1.79 years. The study was approved by the 
ethics committee of Vinnytsia Mykhailo Kotsiubynskyi State 
Pedagogical University, and all procedures were in accor- 
dance with the Declaration of Helsinki. Informed consent 
for participation in the experiment was obtained from the 
participants. 


Research organization 


The study was conducted from 2019 to 2021. The scheme 
of a sequential pedagogical experiment was used. 

During the ascertainment stage of the experiment 
(2019-2020), pedagogical observation of the training pro- 
cess was carried out in combination with timing of train- 
ing work. This made it possible to determine the volume of 
training loads and their distribution for different types of 
training of multiathletes (Adamchuk et al., 2021). 

The main goal of the formative stage of the experiment 
(2020-2021) was to develop programs for the structural 
units of the training process (training classes, microcycles, 
mesocycles, the stage of direct preparation for the main 
competitions) based on the developed algorithm for build- 
ing individual programs. The basis of the development of the 
algorithm of the individual program is based on the analysis 
of data from the literature, own long-term experience of 
direct participation in training and competition activities 
in athletics combined events, the results of the ascertain- 
ment stage of the experiment regarding the peculiarities of 
the athletes’ response to the groups of training tools used 
and their combination and influence on the energy supply 
systems of the training process. Thus, we have developed six 
consecutive steps for the purpose of achieving full prepara- 
tion of athletes for major competitions (Fig. 1). 


Creation of a training equipment fund 


Identification of dominant components of 
special physical fitness 


Creation of individual complexes of 
training tools 


Identification of successful types in combined 
events based on the results of previous competitions 


Selection of the main physical exercises at the 
stage of direct preparation for the competition 
Evaluation of athletes’ readiness for physical 
exertion 


Fig. 1. Algorithm for building an individual training 
program for competitions of highly qualified multiathletes in 
combined events 
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TRAINING EQUIPMENT 
FOR ATHLETES 


Groups of special technical 
training exercises (TP - 
technical preparation) 


TP-1 — (hurdles) 
TP-2 — (high jump) 
TP-3 — (long jump) 
TP-4 — (pole vault) 
TP-5 — (shot put) 
TP-6 — (discus) 

TP-7 — (javelin throw) 


Groups of special physical 
training exercises 


Groups of general technical and 
physical training exercises 
GPT — (general physical and 
technical preparation) 


P — (power training) 

S — (speed training) 

SP — (speed and 
strength training) 

E — (general endurance) 
S-1 — (speed endurance) 


Fig. 2. Classification of means of training work in athletics combined events 


Step 1. The selection of physical exercises was deter- 
mined by the specifics of athletics combined events disci- 
plines and previous experience in their use. The unequal 
response of different athletes to the same physical loads 
(Drozdovska, 2013), as well as the existence of individual 
growth limits of adaptation to certain physical loads were 
also taken into account. As this limit is approached in the 
process of training, the rate of increase in function slows 
down and stops at a certain amount of load. Any further 
continuation of training causes a disruption of adaptation, 
that is, the development of a state of overtraining. Therefore, 
in the developed algorithm, the requirement of creating in- 
dividual training funds based on a overall, long-term and 
comprehensive assessment of the impact of special physical 
exercises on the athlete’s body is met. 

When forming the classification of training tools of 
qualified multiathletes, the division of physical exercises into 
groups of special training, which is used in foreign practice 
(Guthrie, 2003; Thompson, 2009) was used (Fig. 2). 

Step 2. It is known that for highly qualified athletes in 
the period of preparation for the competition, the main at- 
tention should be focused on increasing performance in the 
sports to which the athlete has a pronounced tendency to 
develop. But on the way to achieving this goal, uneven devel- 
opment of special physical qualities is often observed in such 
athletes during the standard training process. Discrepancies 
in the variability of the used means of different predominant 
orientations within a specific athletics discipline revealed by 
specialists determine the distribution of athletes according 
to the type of group models of competitive activity: the first 
type of athletes includes multiathletes who are mainly able 
to achieve high results in athletics throws and who possess 
a high level of strength and speed-strength capabilities; the 
second type includes athletes who achieved high results in 
the running types of the program and have high speed or 
endurance; the third type is characterized by achieving high 
results in athletics jumps, possessing high capabilities of the 


alactic and lactic energy supply system as well as a high level 
of speed and strength qualities (Dobrynska, 2015). 

In our study, only the second and third types of mutiath- 
letes were found. The obtained data were used for planning 
the content and ratio of training tools at the stage of direct 
preparation for the main competitions of the winter season. 
The results of the previous macrocycle tests were used to 
determine the individual dominance of the components of 
the athletes’ special physical fitness. 

Step 3. On the basis of selected types of competitive ac- 
tivity and dominant components of special physical fitness, 
individual sets of training tools are created for the stage of 
direct preparation for the competition. During the formation 
of individual programs, the logical sequence of performing 
exercises of different orientations was necessarily taken into 
account, and namely: special endurance exercises were per- 
formed after speed exercises, general endurance exercises were 
performed after speed-strength exercises, special endurance 
exercises were performed after general endurance exercises 
and strength exercises were performed after speed exercises. 
Training exercises were combined into groups by taking into 
account the energy systems of muscle activity, effects on basic 
physical qualities, improvement of technical skills in individ- 
ual types of multiathetes, competitive disciplines in general. 

Taking into account that the stage of direct preparation 
for the competitions of the winter season of multiathetes 
consisted of two mesocycles - a control-preparatory one 
(included a 7-day introductive microcycle, 7-day impact 
microcycle, 7-day recovery microcycle and 3-day impact 
microcycle) and a pre-competition one (included a 4-day 
restorative microcycle, 3-day impact microcycle, 4-day re- 
storative microcycle); in tab. 1, we give an example of a ra- 
tional combination of groups of special exercises in the pre- 
competitive mesocycle. 

Step 4. For optimal individual training of track and field 
athletes, it is recommended to focus mainly on the devel- 
opment of successful disciplines, while maintaining at the 
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Table 1. Variants of a rational combination of groups of special physical exercises in training sessions of the pre- 


competition mesocycle 


Options for combination 


of physical exercises Energy systems 


Basic physical qualities 


Directions of influences 


Technical skills Competitive disciplines 


S Alactic Speed,speed and strength Sprint, putting, jumping 100 m, shot put, high jump 
TP-5 Alactic quality 

TP-2 Alactic 

TP-1 Alactic Speed, speed and strength Hurdles, jumping 110 m hurdles, pole vault 
TP-4 Alactic qualities, coordination 

SP Alactic 

TP -3 Alactic Speed and strength qualities, Jumping, running Long jump, 400 m 

S-1 Lactic speed endurance 

TP-3 Lactic Speed and strength qualities, Jumping, throwing 110 m hurdles, 

TP 6/7 Alactic power qualities javelin throw or discus 

P Alactic throw 

TP 6/7 Alactic Aerobic Speed and strength qualities, Throwing, running Javelin throw or discus 

E general endurance throw, 1500 m 


Notes: TP - special technical preparation: TP-1 - hurdles; TP-2 — high jump; TP-3 - long jump; TP-4 - pole vault; TP-5 - shot put; 
TP-6 - discus; TP-7 — javelin throw; P - power training; S - speed training; SP - speed and strength training, E - general endur- 


ance; S-1 - speed endurance 


Table 2. Program of the 7-day impact microcycle of the control-preparatory mesocycle 


Days of the microcycle 


Types of training 1st Qnd 3rd 4th 5th 6 7th 
General physical GPT 1.1(a) - 25* GPT 1.1(a) - 254 GPT 1.1(a) - 254 - GPT 1.1(a) - 25+ GPT 1.1(a) - 25* - 
training (GPT) 

Special physical S-1.4(b) - 20! =P: 1.4(a) -15* S-1-1.7 - 154 - SP-1.2 - 10° P1.2 - 8’ - 
preparation P 1.5(a) -15° SP-1.3 - 10° P1.4(a) - 8’ 
(P, S, S-1, SP, E) 
Technical preparation TP-3.3(a) -— 15’ TP-4.3(a)-40? = TP-2.3 - 15’ - TP-1.14-30!° S-1.1(a) - 257 - 
(TP) TP -3.7-15  SP-1.5-25  TP-6.1- 20° TP-7.1(b) - 10 S-1.6(a) - 158 
TP-5.1(b) — 55 TP-6.2- 226 TP-7.2(b) — 15° 
TP-5.2(b) - 25° 
Competitions - - - - - - - 
of the training work, 105 120 97 - 100 81 - 
min 
VLC", points 730 765 647 - 635 507 - 
ICtl’**, points/min 6.95 6.38 6.67 - 6.35 6.25 - 


Notes: * VLC - value load coefficient was calculated as a result of multiplication of the duration of the exercise by its intensity in points 
depending on the heart rate (Kostiukevich, Shchepotina, Shynkaruk et al., 2020): intensity of exercise with the heart rate 114 bpm 
was evaluated in 1 point; 120 bpm - 2 points; 126 bpm - 3 points; 132 bpm - 4 points; 138 bpm - 5 points; 144 bpm - 6 points; 

150 bpm - 7 points; 156 bpm - 8 points; 162 bpm - 10 points; 168 bpm - 12 points; 174 bpm - 14 points; 180 bpm - 17 points; 186 
bpm - 21 points; 192 bpm - 25 points; 198 bpm - 33 points; ** ICtl - intensity coefficient of training load was determined as a ratio 
between CVL and the duration of a training session in minutes (Adamchuk et al, 2021); record of the exercise TP-3.7 - 1510: TP- 
3.7 - code of the training exercise; 1510 - duration of exercise in minutes (15) and intensity of exercise in points depending on the 
heart rate (10); GPT - general physical training; P - power training; S -speed training; SP - speed and strength training, E - general 
endurance; TP - special technical preparation: TP-1 - hurdles; TP-2 - high jump; TP-3 - long jump; TP-4 - pole vault; TP-5 - shot 


put; TP-6 - discus; TP-7 — javelin throw; S-1 - speed endurance 


achieved level the disciplines lagging behind in the results 
shown (Dobrynska, 2015). Individual successful combined 
events disciplines are identified on the basis of the analysis 
of the results of repeated responsible competitions. We anal- 
ysed the competitive activity of a group of multiathletes and 
identified successful disciplines for each of them based on 
the results of competitions at different levels. 


Step 5. In order to achieve the highest sports result in the 
algorithm, it is determined to be expedient during the stage 
of direct preparation for the main competitions of the season 
to concentrate efforts on increasing adaptation only to the 
most successful individual competitive disciplines and dom- 
inant components of special physical and technical training 
using the minimum number of basic physical exercises in 
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the main part training class. This is motivated by preventing 
the dissipation of energy expenditure on the simultaneous 
development of adaptation to several competitive disciplines 
in one session. A sample of a microcycle program with an 
accented effect on leading physical qualities (speed-strength 
quality) is presented in the table 2. 

Step 6. The experience of training multiathletes in track- 
and-field at the current stage shows that an indispensable 
condition for achieving the highest results in responsible 
competitions is the performance of training and competitive 
loads at the level of the maximum physical capabilities of the 
body, which in sports of higher achievements is defined as 
training in the overload mode. In practice, this means that 
during intensive training, the athlete makes maximum use 
of hidden energy resources which is demonstrated by the 
increase in fatigue. Therefore, when determining the func- 
tional state of athletes after completing a certain stage of 
training according to an individual program based on the 
developed algorithm, an assessment of their physical state 
is necessary. 

Experimental substantiation of the effectiveness of the 
developed algorithm was carried out with the help of peda- 
gogical testing using the following test exercises (Adamchuk 
et al., 2021; Kostiukevych, Lazarenko, Shchepotina et al., 
2021): 

¢ 30m sprint (assessment of speed abilities): starting 
10-15 m run and then running over a distance of 30 
m with time taken into account; the best result from 
two attempts was taken into account, the rest interval 
was 3-5 min; 

e running for 200 m and 200 m after 1 min of rest (speed 
endurance assessment): overcoming two segments of 
the distance of 200 m with a rest interval of 1 min; 
the total time of overcoming two sections was deter- 
mined; the test was performed once; 

e triple long jump from a standing position (assessment 
of speed and strength qualities): alternately pushing 
off with one leg and the other from the starting line, 
3 consecutive jumps were performed, the last of 
which was into the pit for landing; the total length 
from the starting line to the landing place was mea- 
sured; the best result from three attempts was taken 
into account; 

e throwing a shot with two hands from below (assess- 
ment of speed and strength qualities): from the start- 
ing position, standing facing the direction of throw- 
ing, holding the ball with two hands from below, feet 
at shoulder width apart with the front part of the foot 
on the segment; throwing the core was performed 
from below-forward; the best result from three at- 
tempts was taken into account; 

e squatting with a barbell on the shoulders (assessment 
of strength qualities): squatting and standing up to the 
starting position with the maximum weight for each 
athlete; 1 attempt was given; 

e the running version of the PWC,zy) test (estimation 
of physical capacity and aerobic productivity of the 
body): according to the method for conducting a 
run-based variant of the test PWC,,9v) the athletes 
performed two 5-minute run loads by overcoming 
the distances of 700-900 and 1100-1300 m accord- 
ingly, with their heart rate being recorded at the end 


of the first and second load (the period of rest be- 
tween run loads made 5 minutes). PWC,;.y) was de- 
termined using the formula: 


1 = 
PWC) =V + Vy -%) ~ t > (1) 
27/1 


whereas: V, and V, represent run speed during the 

first and second run loads (determined as a ratio be- 

tween the distance length and the time for overcom- 

ing the distance), m/s; 

f and f, represent heart rate immediately after the 

first and second run load, bpm. 

The following formula was used to convert PWC, 7») 

in m/s into PWC,7) in kgm/min: 

PWC170=417-PWC j7ovy-83, (2) 

Absolute index of maximum oxygen consump- 

tion (VO,max, ml/min) was determined using the 

formula: 

VO,max=1,7-PWC +1240, (3) 

Relative index of maximum oxygen consumption 
(VO,max(rel), ml/min/kg) was determined as a ratio of an 
absolute index to the body mass of the studied athletes. 
Pedagogical testing of athletes was carried out at the be- 

ginning and at the end of the stage of direct preparation for 
competitions in the process of performing the main training 
work. 


Statistical analysis 


Mathematical processing of the results was carried out 
using the “Data Analysis” package of the MS Office Excel 
computer program (Albert et al., 2017; Byshevets et al.., 2019; 
Kostiukevych, Lazarenko, Vozniuk et al., 2020). Descriptive 
statistics were used, which included the determination of the 
arithmetic mean (M) and the mean square deviation (SD). 
Statistical reliability in the difference between the results of 
pedagogical testing of multiathletes at the beginning and at 
the end of the ascertaining and formative stages of the peda- 
gogical experiment was determined by the non-parametric 
Wilcoxon T-test. Differences between groups were consid- 
ered statistically significant at p<0.05. 


Results 


In order to objectively evaluate the advantages of the 
used algorithm for building individual training programs for 
highly qualified multiathletes at the stage of direct prepara- 
tion for competitions, a comparative analysis of the indica- 
tors of physical and functional fitness of athletes was carried 
out in a formative experiment (table 3). 

The autumn-winter period of preparation for the com- 
petition had a slightly shorter duration than the spring-sum- 
mer period, but despite this, we obtained positive changes in 
the indicators of physical and functional readiness, which 
appeared to be greater than those determined at the ascer- 
tainment stage of the experiment. 

The analysis of the obtained data allows us to note that 
there were positive changes in all indicators of physical fit- 
ness, but at the stage of the formative experiment they were 
more significant when compared to the stage of the ascer- 
taining experiment. As we can see, the increase in results 
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Table 3. Indicators of physical and functional preparedness of multiathletes at the stage of direct preparation for winter 


season competitions at different stages of the experiment 


Indicators of physical and Research Output data Final data Changes (AM) 
functional fitness phase M SD M SD Absolute % P 

AE 3.05 0.17 2.96 0.09 0.09 2.9 0 <0.05 
Running for 30 m on the move, s 

FE 2.98 0.07 2.85 0.08 0.13 4.4 0 <0.05 
Running 200 m and 200 m after AE 49.95 1.15 49.89 1.00 0.06 0.1 2 >0.05 
1 min of rest, s FE 49.70 0.64 48.33 0.52 1.37 28 0  <0.05 

AE 8.88 0.54 8.98 0.46 0.10 11 1 >0.05 
Triple jump from a place, m 

FE 8.89 0.18 9.25 0.27 0.36 4.0 0 <0.05 
Throwing a shot with two hands from AE 15.05 0.52 15.72 0.44 0.67 45 0  <0.05 
below, m FE 15.54 0.34 16.20 0.79 0.66 4.2 0 <0.05 

AE 134.0 6.4 135.0 4.3 1.00 0.7 4 >0.05 
Squatting with barbell, kg 

FE 136.0 25.7 145.0 12.9 9.00 6.6 0 <0.05 

AE 4.65 0.71 4.76 0.64 0.11 2,3 1 >0.05 
PWCyjoy), m/s 

FE 4.79 0.59 5.07 0.54 0.28 5.8 0 <0.05 

AE 1856.6 293.5 1902.9 269.6 46.3 2.4 1 >0.05 
PWC,,, kgm/min 

FE 1914.5 245.9 2030.0 225.4 115.5 6.0 0 <0.05 

AE 4396.2 498.9 4474.9 458.3 78.7 1.8 1 >0.05 
VO,max, ml/min 

FE 4494.6 418.0 4691.0 383.1 196.4 44 0 <0.05 

AE 52.8 75 53.7 8.0 0.9 1.7 1 >0.05 
VO,max (rel) , ml/min/kg 

FE 53.8 5.3 56.2 4.9 2.4 4.5 0 <0.05 


Notes: PWC;,9y) is a running version of the test; PWC;7) is an indicator of physical working capacity; VO,max is an absolute indicator 
of maximum oxygen consumption; VO,max(rel) is a relative indicator of maximum oxygen consumption; AE is an ascertainment 
experiment; FE is a formative experiment; AE - ascertaining experiment; FE - forming experiment 


at the stage of the ascertainment experiment ranges from 
0.1-4.5% without significant changes (p>0.05) in such tests 
as running 200 m and 200 m after 1 min of rest, triple jump 
from a standing position and barbell squats. At the same 
time, at the stage of the formative experiment, the final indi- 
cators, in comparison with the initial ones, improved by 2.8- 
6.6% with a significant difference (p<0.05). At the same time, 
the increase in indicators in running tests was 2.8-4.4%, in 
tests reflecting speed and strength abilities it was 4.0-4.2%, 
in strength control exercise it was 6.6%. 

Today, an idea of the functional fitness of athletes has 
already been clearly formed, which is defined as a set of 
those characteristics and properties of the body that directly 
or indirectly determine work performance in competitions. 
Achieving a high level of functional fitness is ensured by 
specific adaptation to the appropriate type of sports activity. 
The importance of understanding the content and control 
of functional readiness is determined by the fact that the 
capabilities of an athlete are the capabilities of his body. The 
training process is aimed at their training and modification 
which will ensure an increase in working capacity (Wilmore 
et al., 2012; Karaulova et al., 2018; Shchepotina et al., 2021; 
Bezmylov et al., 2022). 

Indicators characterizing the functional preparedness 
of multiathletes demonstrate positive dynamics both dur- 
ing the ascertaining and formative stages of the experiment. 
In particular, the increase in results at the ascertainment 
stage ranges from 1.7 to 2.4% without significant changes 


(p>0.05). We note a statistically significant (p<0.05) posi- 
tive increase during the formative stage in the indicators 
of physical performance of multiathletes within the range 
of 5.8-6.0% and in the indicators of aerobic productivity 
within the range of 4.4-4.5%. It should be taken into account 
that, as scientists note, the absolute indicator of maximum 
oxygen consumption VO,max is more important for athletes 
who perform at short and medium distances, and the rela- 
tive one is more important at long and ultra-long distances. 
The reliability of the change in the results in the formative 
experiment was determined by all indicators (p<0.05) which 
indicates the success of using individual programs that were 
developed according to the outlined algorithm in combined 
events at the stage of direct preparation for competitions. 


Discussion 


In connection with the lack of standard training pro- 
grams for multiathletes at the stage of maximum realization 
of individual capabilities, experts give priority to an individ- 
ual approach to building an annual training cycle for highly 
qualified athletes (Platonov, 2006; Bompa & Haff, 2009). 
This primarily concerns the selection and differentiated use 
of training tools. But the development of this direction has 
not received a comprehensive theoretical-methodical and 
practical solution until recently. Competitive athletics exer- 
cises that exist in multiathletes differ in structure, nature of 
energy supply, duration and force of action, therefore they 
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make extremely high and diverse demands on the systems of 
the athlete's body. Given the lack of generally accepted prin- 
ciples of building an individual training program at the stage 
of maximum realization of individual capabilities in athletics 
combined events, athletes and coaches of their own choice 
form individual complexes of training tools or try to borrow 
training methods of European or world record holders. 

Qualified multiathletes use in their training from 300 
to 400 physical exercises, but the applied groups of exercises 
are the individual assets of successful athletes and, as a rule, 
cannot be successfully used by other athletes (Guthrie, 2003; 
Bobrovnik, 2014). This was confirmed during a confirma- 
tory experiment, when standard sets of physical exercises 
for various types of athletics were not effective enough in 
training multiathletes participating in the study (Adamchuk 
et al., 2021). Thus, in the developed algorithm, unified ap- 
proaches to the selection of adequate training tools are de- 
fined by creating individual funds of special physical exer- 
cises and individual training complexes for use at the stage 
of direct preparation for important competitions. 

In the studies of many authors, it is emphasized that the 
most important modern problems of successful training of 
multiathletes are the study of the physiological mechanisms 
of adaptation of the body to intense physical exertion and 
the justification of effective methods of programming and 
management of the training process in relation to the assess- 
ment of the functional state of athletes (Kenny et al., 2005; 
Thompson, 2009; Wilmore et al., 2012). These provisions 
are taken into account when developing an algorithm for 
building individual programs for the stage of direct prepara- 
tion for competitions and programming models for training 
sessions, microcycles and mesocycles. In training sessions, 
we followed the principles of overload, reversibility and 
specificity as the main conditions for achieving the highest 
sports results (Platonov, 2020). In the training programs, an 
expedient distribution of the size and intensity of the train- 
ing load was planned, depending on the individual response 
of the athletes. 

The developed and experimentally substantiated algo- 
rithm represents a significant contribution to the scientific 
work regarding the theoretical and methodological foun- 
dations and features of the practical implementation of an 
individual approach in the process of training highly quali- 
fied athletes (Dobrynska, 2015; Kozina et al., 2015; Kozlova 
et al., 2020). 

The obtained results indicate a significant improve- 
ment of the studied indicators of functional and physical 
fitness at the stage of the formative experiment which we 
associate with the balanced distribution of work and rest 
in training classes, the positive influence of all qualitative 
and quantitative components of training tools due to the 
algorithm we developed for building individual programs of 
highly qualified multiathletes at the stage of direct prepara- 
tion for competitions. In general, the obtained results com- 
plete the available scientific data regarding the peculiarities 
of the construction of the training process of highly quali- 
fied multiathletes during the stage of direct preparation for 
competitions and the dynamics of indicators of physical and 
functional fitness of athletes (Zwols & Sierksma, 2009; Bili¢ 
& Balic, 2015; Dobrynska, 2015). 

In general, the approach to programming the training 
process of athletes tested in previous studies (Shchepotina 


et al., 2021) was also implemented in the process of train- 
ing highly qualified multiathletes. Thus, the developed algo- 
rithm for building individual programs at the stage of direct 
preparation for competitions can be recommended for use 
in the practice of training multiathletes. 


Conclusions 


1. The use of the algorithm for building an individual 
program of preparation for competitions of highly quali- 
fied multiathletes orients the coach and athlete towards 
achieving the desired sports result in the shortest way with 
economical and rational use of training equipment at the 
most difficult and responsible stage of direct preparation for 
the main competitions. Compliance with the stated provi- 
sions of the algorithm made it possible to rationally plan and 
choose the optimal option for building the training process. 

2. The implementation of an individual program at the 
stage of direct preparation for winter season competitions 
is effective and enables qualified multiathletes to reach the 
peak of their sports form during participation in the com- 
petitions of the Ukrainian indoor heptathlon championship. 
This is evidenced by the achieved statistically significant dif- 
ferences (p<0.05) in all indicators of physical and functional 
fitness compared to the ascertainment stage of the experi- 
ment. The increase in indicators in the running tests was 
2.8-4.4%, in the tests reflecting speed and strength abilities 
- 4.0-4.2%, in the strength control exercise - 6.6%. We note a 
statistically significant (p<0.05) positive increase during the 
formative stage in the indicators of physical performance of 
multiathletes within the range of 5.8-6.0% and in the indica- 
tors of aerobic productivity within the range of 4.4-4.5%. 

Prospects for further research can be seen in the devel- 
opment of individual training programs for multiathletes at 
the stages of multi-year training. 


Acknowledgements 


The research was carried out within the framework of the 
plan of the research work of the Department of Theory and 
Methodology of Sports of Vinnytsia Mykhailo Kotsiubynskyi 
State Pedagogical University for 2016-2020 “Theoretical and 
Methodological Foundations of Programming and Model- 
ing of the Training Process of Sportsmen of Different Quali- 
fications” (state registration number 0116U005299) and for 
2021-2025 “Organizational and methodological principles 
of programming the training process of gratified and highly 
gratified athletes” (state registration number 0121U109550). 


Conflict of interests 


The authors state that there is no conflict of interests. 


References 


Guthrie, M. (2003). Coaching track & field successfully. Human 
Kinetics. 


Platonoy, V. N. (2006). The basis of modern training process 
periodization in high-performance athletes for year 
preparation. Research Yearbook, 12(2), 176-180. 

Ganse, B., & Degens, H. (2021). Declining track and field 
performance trends in recent years in the Austrian best 


506 


Adamchuk, V., Shchepotina, N., Kostiukevych, V. et al. (2022). Developing an Algorithm for Building Individual Training Programs for 
Highly Qualified Multi-Sport Athletes at the Stage of Direct Preparation for Winter Season Competitions 


results 1897-2019. Journal of musculoskeletal & neuronal 
interactions, 21(2), 196. 

Bobrovnik, V. I. (2014). Structure and logical organization 
of current studies in track and field sports. Pedagogics, 


psychology, medical-biological problems of physical training 


and sports, 18(3), 3-18. 
https://doi.org/10.6084/m9.figshare.936956 


Kutek, T., & Akhmetov, R. (2018). Improvement of sports 
training of qualified athletes. Health, Sport, Rehabilitation, 
3(2), 44-49. http://dx.doi.org/10.34142/zenodo.1110381 


Platonov, V. (2020). Sports science of Ukraine: chapters of 
history. Science in Olympic Sport, 3, 4-47. 
https://doi.org/10.32652/olympic2020.3_1 

Thompson, P. (2009). Introduction to training theory: the 
official IAAF training manual for athletics. IAAF. 


Bompa, T. O., Haff, G. G. (2009). Periodization: Theory and 
Methodology of Training. Champaign, IL, USA: Human 
Kinetics. 


DeWeese, B. H., Hornsby, G., Stone, M., & Stone, M. H. 
(2015). The training process: Planning for strength- 
power training in track and field. Part 2: Practical and 
applied aspects. Journal of sport and health science, 4(4), 
318-324. https://doi.org/10.1016/j.jshs.2015.07.002 


Kutek, T., Akhmetov, R., Vovchenko, I., Dmitrenko, S., 
Shaverskyi, V., & Chernyshenko, T. (2018). Development 
and application of model characteristics for optimizing 
the educational and training process of qualified athletes. 
Journal of Physical Education and Sport, 18(2), 933-936. 
https://www.doi.org/10.7752/jpes.2018.02138 


Wilmore, I.H., Costill, D.L., & Kenney, L.W. (2012). Physiology 
of sport and exercise. Illinois: Human Kinetics. 


Liang, J. X., & Xiao, B. (2014). Computer-Aided System 
Design for Exercise Load Evaluation. Applied Mechanics 
and Materials, 475, 1538-1541. https://doi.org/10.4028/ 
www-scientific.net/AMM.475-476.1538 


Santos, J. A., Affonso, H. O., Boullosa, D., Pereira, T. M., 
Fernandes, R. J., & Conceicao, F. (2021). Extreme blood 
lactate rising after very short efforts in top-level track and 
field male sprinters. Research in Sports Medicine, 566-572. 
https://doi.org/10.1080/15438627.2021.1917406 


Zemper, E. D. (2005). Track and field injuries. Epidemiology of 
Pediatric Sports Injuries, 48, 138-151. 
https://doi.org/10.1159/000084287 


Meron, A., & Saint-Phard, D. (2017). Track and field throwing 
sports: injuries and prevention. Current sports medicine 
reports, 16(6), 391-396. 
https://doi.org/10.1249/JSR.0000000000000416 


Kenny, I. C., Sprevak, D., Sharp, C., & Boreham, C. (2005). 
Determinants of success in the olympic decathlon: Some 
statistical evidence. Journal of Quantitative Analysis in 
Sports, 1(1). https://doi.org/10.2202/1559-0410.1002 


Bili¢, M., & Bali¢, A. (2015). Types of discipline decathlon 
functional dependences in relation to age and level 
of score achievements of the world most successful 
decathlons. Sport Science, 8(1), 52-56. 

Pavlovic, D., & Idrizovi¢, K. (2017). Factor analysis of world 
record holders in athletic decathlon. Sport Science, 10(1), 
109-116. 


Kozina, Zh., Sobko, I., Bazulyuk, T., Ryepko, O., Lachno, O., 
& Ilnitskaya, A. (2015). The applyng of the concept of 
individualizaation in sport. Journal of Physical Education 
and Sport, 15(2), 172-177. 
https://www.doi.org/10.7752/jpes.2015.02027 


Kozlova, E., Wei, W., & Kozlov, K. (2020). Individual 
peculiarities of long jump technique of skilled athletes. 
Journal of Physical Education and Sport, 20, 408-412. 
https://www.doi.org/10.7752/jpes.2020.s1058 


Dobrynska, N. (2015). Improvement of specialized preparedness 
of highly skilled athletes in combined track and field events 
[author's abstract]. Kyiv: NUUPES. (in Ukrainian) 


Adamchuk, V., Shchepotina, N., Kostiukevych, V., Vozniuk, 
T., Kulchytska, I., Didyk, T., & Poliak, V. (2021). 
Technological Aspects of Introduction of 8- Week 
Model at the Phase of Direct Training for Competitions 
of Highly Qualified Multi-Sport Athletes in Track- 
And-Field Athletics. Physical Education Theory and 
Methodology, 21(3), 200-210. 
https://doi.org/10.17309/tmfyv.2021.3.03 


Drozdovska, S.B. (2013). Using the molecular genetics 
methods for studying the peculiarities of muscle activity 
and inherited predisposition in the sport. Pedagogics, 
psychology, medicalbiological problems of physical training 
and sports, 2, 11-16. 
https://www.doi.org/10.6084/m9.figshare.639252 


Kostiukevych, V., Shchepotina, N., Shynkaruk, O., Koliadych, 
Y., Hatsoieva, L., Voronova, V., Vozniuk, T., Kaplinskyi, 
V., Diachenko, A., Chernyshenko, T., & Konnova, M. 
(2020). Highly qualified grass hockey sportswomen’s 
adaptation to training intensity in the macrocycle 
preparatory period. Journal of Physical Education and 
Sport, 20 (s1), 385-394. 
https://doi.org/10.7752/jpes.2020.s1055 


Kostiukevych, V., Lazarenko, N., Shchepotina, N., Vozniuk, 
T., Shynkaruk, O., Voronova, V., Kutek, T., Konnoy, S., 
Stasiuk, I., Poseletska, K., & Dobrynskiy, V. (2021). 
Factor Analysis of Special Qualities of Elite Field Hockey 
Players. Sport Mont, 19(S2), 41-47. 
https://doi.org/10.26773/smj.210908 


Albert, J., Glickman, M. E., Swartz, T. B., & Koning, R. H. 
(Eds.). (2017). Handbook of statistical methods and 
analyses in sports. CRC Press. 


Byshevets, N., Denysova, L., Shynkaruk, O., Serhiyenko, K., 
Usychenko, V., Stepanenko, O., & Syvash, I. (2019). Using 
the methods of mathematical statistics in sports and 
educational research. Journal of Physical Education and 
Sport, 19(3), 1030-1034. 
https://www.doi.org/10.7752/jpes.2019.s3148 


Kostiukevych, V., Lazarenko, N., Vozniuk, T., Shchepotina, 
N., Shynkaruk, O., Valentina, V., Borysova, O., Didyk, 
T., Perepelytsia, O., Hudyma, S., & Bezmylov, N. (2020). 
Choice and experimental substantiation of tests for 
controlling physical and technical preparedness of hockey 
players. Journal of Physical Education and Sport, 20(5), 
2735-2744. https://doi.org/10.7752/jpes.2020.05372 
Karaulova, S., Boychenko, K., Malikov, N., Bogdanovskaya, 
N., Samolenko, T., Apaychev, A., & Korobeynikova, L. 
(2018). Innovative technologies based management of the 


507 


ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 22, Num. 4 


training process of female athletes specializing in short Achievements. Physical Education Theory and 

distances running. Journal of Physical Education and Methodology, 22(1), 92-100. 

Sport, 18, 1876-1880. https://doi.org/10.17309/tmfv.2022.1.13 

https://doi.org/10.7752/jpes.2018.s4275 Zwols, Y., & Sierksma, G. (2009). OR Practice—Training 
Shchepotina, N., Kostiukevych, V., Drachuk, A., Vozniuk, Optimization for the Decathlon. Operations research, 

T., Asauliuk, I., Dmytrenko, S., Adamchuk, V., 57(4), 812-822. 

Polishchuk, V., Romanenko, V., & Blazhko, N. (2021). Shchepotina, N., Kostiukevych, V., Asauliuk, I., Stasiuk, V., 

Model Morpho-Functional Characteristics of Qualified Vozniuk, T., Dmytrenko, S., & Adamchuk, V. (2021). 

Volleyball Players. Sport Mont, 19(S2), 213-217. Management of training process of team sports 

https://doi.org/10.26773/smj.210936 athletes during the competition period on the basis 
Bezmylov, M., Shynkaruk, O., Byshevets, N., Qi, G., & of programming (Football-Based). Physical Education 

Zhigong, S. (2022). Morphofunctional Characteristics Theory and Methodology, 21(2), 142-151. 

of Basketball Players with Different Roles as Selection https://doi.org/10.17309/tmfv.2021.2.07 


Criteria at the Stage of Preparation for Higher 


POSPOBKA AJITOPUTMY NOBYAOBU IHAUBIQZYAJIBHUX NPOrPAM 
Ni fFOTOBKU BACOKOKBASIIMIKOBAHMX BATATOBOPLIB HA ETAMII 
BESNOCEPEAHbO!I NligrOTOBKU 40 3MATAHb 3AMOBOTO CE3OHY 


Bagum Apamuyx'“8°%, Hatrana Ulenotina*°”", Bixrop Koctroxesra'“2°"F, 
Oxcana IImuxkapyKx”°"*, Onena Mitopa*®©”’, Tetana Tigmx'®°"F, 

BiTiaHa JIMMTpeHKo , Ilpuna bunlbKa 
C 1BCDE I Kya Uf 1BCDE 


‘BIHHUUbKMM DepKaBHUM HeqaroriuHun yHiBepcutet imeHi Muxaiia KouobuncpKoro 
*HanjionaibHum yHipepcutet dismyHoro BUXOBaHHA i cllopry Ykpainu 
*TIpuquinposcpka epxKaBHa akajeMia Pisu4HOi KyIbTypu i cllopry 


Astopcepknit Bknag: A — qu3aiiH pocmippKenus; B - 36ip qanmx; C - craranamis; D - nigrotosKa pykxonncy; E - 36ip komTis 


Pecepar. Crarra: 10 c., 3 ra67., 2 puc., 33 mpKepena. 


Mera jociispKeHHA — pospoOuTHu i eKcIlepMMeHTasIbHO OOrpyHTyBaTM e*eKTMBHiCTD anropuTMy nobysOBM in_MBisyanb- 
HUX TIporpaM MifroTOBKM BUCOKOKBaNidikoBaHux OaraTobopuiB y Merkiit armeTMui Ha eTani GOesmocepesHDO! MiFrOTOBKU JO 
POOBHUX 3MaraHb 3MMOBOLO CesOHy. 

Matepian i Meroym. OcHoBHoW MeToIO PopMyBasbHOTO eTally excnepuMeHtTy (2020-2021 pp.) 6yna pospo6Ka mporpam 
CTPyYKTYPHUX OJMHUUb TpeHyBasIbHOTO IIpouecy (TpeHyBaIbHMX 3aHATb, MiKPOUMKMIB, Me30NUKIMB, eTally OesnocepesHbOi Hip- 
TOTOBKM JO TOOBHMX 3MaraHb) Ha OCHOBi pospoOseHOrO alropuTMy nobyfoBM inpMBiyalbHMx Mporpam. Hamu pospobseHo 
IWiCTb NOCHIJOBHUX KPOKiB JIA JOCATHEHHA MOBHOMIHHOi MifTOTOBAeHOCTI CIOPTCMeHIB J[O rOOBHUX 3MaraHb. 

Pesynpratn. BukoHaHHa inquBifLyalbHOi MporpaMu Ha eTatli OesnocepesHbOI NifTOTOBKM [[O 3MaraHb 3MMOBOTO CesOHy € 
edbeKTMBHMM i Jae 3MoOry KBatidikoBaHuM OaraToOopyAM BUMTM Ha Wik CHOpTMBHO! (OpMM Ha Yac yyacTi B 3MaraHHAX YeMIi- 
ovary Ykpainu y upMMiujeHHi 3 cemuOopctTsa. IIpo ye cBiguaTb JOCATHYTI CTaTMCTMYHO 3Ha4yUi BiMiHHOCTI (p<0,05) B ycix 
noKa3HUKax (PisMdHOi Ta PyHKUIOHAM_HO! MifTOTOBeHOCTI, B MOpiBHAHHi 3 KOHCTaTYBa/IbHMM eTarloM ekcriepuMeHxTy. IIpupicr 
HOKa3HUKiB y OiroBMx TecTax CK/IaB 2,8-4,4%, y TecTax, WO BiqoOpaxKaiM WIBMAKiCHO-cumoBi 3fiOHOCTI — 4,0-4,2%, y cunoBili 
KOHTPO/IbHiM BUpaBi — 6,6%. Biq3Hauaemo craTMuCcTM4HO FOcToBipHNn (p<0,05) no3suTMBHMM UpupicT yupoqoBxK PopMyBasIbHO- 
ro eTally B NoKa3sHMkKax (pi3sm4HOi MpaljesyaTHocTi bararobopuiB y Mexax 5,8-6,0% i B HOKa3HUKax aepOOHO! IPpOAyKTMBHOCTI B 
Mexkax 4,4-4,5%, 

Bucuosku. BukopvicraHHA allroputTmy nobyfoBM ingpMBisyabHoi UporpaMM MiPrOTOBKM JO 3MaraHb BMCOKOKBalIiiKOBa- 
HUX JerKoaTueTiB-OaraTobopuiB opicHTye TpeHepa i cnopTcMeHa Ha JOCATHeEHHA 6a>%KaHOrO CHOPTMBHOTO pesyibTaTy HalOisbul 
KOPOTKMM UVIAXOM Ip CKOHOMHOMY Ta pallioHabHOMy BMKOPMCTaHHi TpeHyBa/IbHMX 3acoOiB Ha HaliOinb CKaHOMy Ta 
BiQMOBifaIbHOMY eTalli besmocepesHbO! NiZTOTOBKM 70 TOMOBHMX 3MaraHb. JOTPUMaHHA BUKsaJ[eHMxX MOMOKeHb alropuTMy Ao- 
3BONMIO palioHaIbHO CilaHyBaTU Mi OOpaTu ONTMMaNbHMM BapiaHT NOOyAOBM TpeHyBa/IbHOrO Mpouecy. 

Knroyuosi cosa: nerkoatieTu4He OararobopcTsBo, baraTobopyi, TpeHyBa/IbHUM Npolec, MporpaMyBaHHA, eTall Oesnocepes- 
HBO! MiJTOTOBKU, auIrOpuTM. 
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Abstract 


The study purpose was to prove the effectiveness of a plyometric training program in increasing explosive power and 


agility in professional athletes of East Java. 


Materials and methods. This study is a pre-experiment with a research design of One Group Pretest-Posttest. A total 
of 15 male athletes from athletics and swimming at the Pusat Pendidikan dan Pelatihan Olahraga Pelajar (PPLP) East 
Java, Indonesia, aged 15-17 years, body mass index (BMI) 18.5-24.0 kg/m’, normal blood pressure, normal resting 
heart rate, voluntarily participated in the study. The plyometric training program (hurdle-box jumps) was carried 
out for 30 minutes/training session with an intensity of 80-90% HRmax with a frequency of 3x/week for six weeks. 
Measuring the explosive power of the horizontal leg muscles used the Standing Broad Jump Test, while measurement 
of the explosive power of the vertical leg muscles used the Digital Jump Meter Test. Measurement of agility used 
Shuttle Run Test, and explosive power and agility were measured during pre-training and six weeks post-training. 
Data analysis used the Paired Sample T-Test with a significance level of 5% using the Statistical Package for Social 


Science (SPSS) version 21 software. 


Results. The results of the study showed that there was a significant difference in the average increase in explosive 
power horizontally, vertically, and agility between pre-training vs. post-training (p < 0.001). 

Conclusions. In general, it can be concluded that the plyometric training program (hurdle-box jumps) carried out 
3x/week for six weeks effectively increases the explosive power of the horizontal leg muscles, the explosive power of 


the vertical leg muscles, and increases agility. 


Keywords: plyometric training, hurdle-box jumps, explosive power, agility. 


Introduction 


Plyometrics is a popular form of physical condition- 
ing for healthy individuals and has been studied extensively 
over the past few decades (Slimani et al., 2016). Plyometrics 
are jumping training that involve the action of the stretch- 
shortening cycle muscles (Bedoya et al., 2015; Markovic & 
Mikulic, 2010; Meylan & Malatesta, 2009). Plyometrics are 
effective for increasing tendon stiffness, improving jump- 
ing performance, and strength of the lower body (Ramirez- 
delaCruz et al., 2022). In addition, plyometrics providing to 
increases agility (Haj-Sassi et al., 2011; Thomas et al., 2009). 
Plyometric training are usually bodybuilding training that 
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involve stopping, starting, and explosively changing direc- 
tions. This movement is a component that can help in de- 
veloping agility (Miller et 2006; Craig, 2004; Miller et al., 
2001; Parsons & Jones, 1998; Yap & Brown, 2000; Young et 
al., 2001). 

During sports and daily physical activities, the most at- 
tribute of skeletal muscle is the ability to generate power, the 
product of strength and speed of movement (Kraemer & 
Newton, 2000). Sports, such as football, handball, basketball, 
and rugby which are required the ability to make changes 
in direction quickly (Change-of-direction) (Nygaard Falch 
et al., 2019). Results by (Kozinc et al., 2021) stated that the 
strength of several muscles of the lower leg, in particular the 
hip abductors and adductors, trunk muscles, hip rotators, 
extensors, and flexors, as well as knee and ankle flexors and 
extensors should be considered when aiming to improve 
change-of-direction performance. This proves that explosive 
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power and agility are important, especially in supporting 
athlete performance. 

Optimal plyometric program design requires control 
over training level, type of training surface, type of training, 
program duration, volume (sets, repetitions, weights), inten- 
sity, rest intervals between sessions, and repetitions between 
sets (Asadi & Ramirez-Campillo, 2016; Arazi, 2012; Saez- 
Saez de Villarreal et al., 2010). This is intended to achieve 
the target of the training and reduce the risk of injury. Plyo- 
metric training has proven to bea safe training option when 
programmed properly, especially when given in a supervised 
setting (Vetrovsky et al., 2019). 

Plyometric training have been shown to be beneficial in 
sports and activities of daily living, but there is little scien- 
tific information available to determine whether plyometric 
training are really effective at increasing explosive power 
and agility. Therefore, this study aims to prove the effect of a 
plyometric training program on explosive power and agility 
in East Java professional athletes. We hypothesize that a six- 
week plyometric training program can improve explosive 
power and agility in East Java professional athletes. 


Materials and Methods 


Study participants 


This research is a pre-experimental research design 
with One Groups Pretest-Posttest Design. A total of 15 male 
athletes from athletics and swimming at the Student Sports 
Education and Training Center (PPLP) East Java, Indone- 
sia with inclusion criteria aged 15-17 years, body mass in- 
dex (BMI) 18.5-24.0 kg/m’, normal blood pressure, normal 
resting heart rate and voluntarily participated in the study. 
All subjects received information both orally and in writ- 
ing before conducting the research and respondents also 
gave a statement that they were willing to participate in the 
research by signing an informed consent. All procedures 
performed in our study complied with the Declaration of 
the World Medical Association of Helsinki on the ethical 
conduct of research involving human subjects. 


Study organization 


The plyometric training program (hurdle-box Jump) is 
implemented and supervised by professional officers from 
PPLP East Java, Indonesia. Plyometric training (hurdle-box 
Jump) is performed for 30 minutes/session with an intensity 
of 80-90% of HRmax with a frequency of 3x/week for six 
weeks. During plyometric training (hurdle-box Jump) heart 
rate monitoring using a polar heart rate monitor (Polar H10 
Bluetooth Heart Rate Sensor & Fitness Tracker, Polar, Kem- 
pele, Finland) (Andarianto et al., 2022). 

Data collection for height measurement using Stadiom- 
eter (Seca Corporation, CHINO, California, USA) (Rejeki 
et al., 2021). Body weight was measured using a digital scale 
(OMRON HN-289, Osaka, JAPAN) (Sugiharto et al., 2022). 
BMI is calculated by dividing weight (kg) by height (m7?) 
(Raharjo et al., 2021). Measuring blood pressure using a 
digital sphygmomanometer (OMRON Model Deluxe HEM- 
8712 BASIC, JAPAN) on the non-dominant arm three times 
in a row with a 2-minute rest interval between the two mea- 
surements, then the average value of the three measurements 


is taken (Andarianto et al., 2022; Raharjo et al., 2021). Mea- 
surement of horizontal leg muscle explosive power using 
the Standing Broad Jump (SBJ) Test (Tai et al., 2021), while 
measuring the explosive power of vertical leg muscles using 
the Jump Meter Digital (MD) Test. Agility measurement us- 
ing the Shuttle Run Test (Kutlu et al., 2012). Explosive power 
and agility measurements were carried out pre-training and 
six weeks post-training. 


Statistical analysis 


The statistical analysis technique uses the Statistical 
Package for Social Science (SPSS) version 21 software. The 
normality test uses the Shapiro-Wilk test, while to compare 
the difference in mean explosive power and agility between 
pre-training and post-training, Paired Sample T-Test is used. 
All statistical analyzes use the significant level (p < 0.05). All 
data displayed Mean + Standard Deviation (SD). 


Results 


The results of descriptive analysis of the average char- 
acteristic data of research subjects including age, height, 
weight, body mass index, leg length, resting heart rate, sys- 
tolic blood pressure, and diastolic blood pressure are pre- 
sented in Table 1. 


Table 1. The results of the descriptive analysis of the 
characteristics of the research subject 


Parameters n Mean Std. Deviation 
Age (yrs) 15 15.80 0.86 
BW (kg) 15 70.67 8.38 
BH (m2) 15 1.77 0.05 
BMI (kg/m?) 15 22.62 3.29 
Leg Length (cm) 15 98.53 77 
RHR (bpm) 15 68.87 3.04 
SBP (mmHg) 15 115.87 3.83 
DBP (mmHg) 15 75.93 4.04 


Description: BW: Body weight; BH: Body height; BMI: Body mass 
index; RHR: Resting heart rate; SBP: Systolic blood pressure; 
DBP: Diastolic blood pressure 


Explosive Power Explosive Power 
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Fig. 1. The results of the analysis of the explosive power of the 
horizontal and vertical leg muscles between pre-training vs. 
post-training Note: (*) Significant vs. pre-training (p < 0.001). 
p- were obtained by using the Paired Samples T-Test. All data are 
displayed with Mean+SD 
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Based on Figure 1, the results of the Paired Samples 
T-Test show that there is a significant difference in the 
average increase in horizontal explosive power between pre- 
training vs. post-training (2.31+0.07 vs. 2.39+0.07 meters 
(p-values=0.000)). Likewise, the average increase in vertical 
explosive power before training vs. after training also shows a 
significant difference (52.47+1.73 vs. 56.67£1.50 centimeter 
(p-values=0.000)). The results of agility analysis between 
pre-training vs. post-training are presented in Figure 2. 


Agility 


** 


Second 
_ 
—) 


Pre Post 


Fig. 2. Results of agility analysis between pre-training vs post- 
training Note: (*) Significant vs. before practice (p < 0.001). 
p- values obtained by the Paired Samples T-Test. All data are 

displayed with Mean+SD 


Based on Figure 2, the results of the Paired Samples T- 
Test show that there is a significant difference in the aver- 
age increase in agility between pre-training vs. post-training 
(16.89+40.31 vs. 16.43+0.30 second (p-values=0.000)). 


Discussion 


This study aims to determine the effect of six weeks of a 
plyometric training program on improving explosive power 
and agility in professional athletes in east java. Our findings 
show that giving a plyometric training program (hurdle-box 
Jump) which is done 3x/week for six weeks is effective in 
increasing explosive power and agility. The results in this 
study are in line with the results of Kim et al. (2022), that 
plyometric training carried out for eight weeks has a posi- 
tive effect on increasing physical fitness, such as maximum 
strength, agility, and power. Strengthened by (Yafiez-Garcia 
et al., 2022), that plyometric training can significantly in- 
crease explosive power in athletes. Plyometric training are 
usually bodybuilding training that involve stopping, start- 
ing, and explosively changing directions. This training can 
help in developing agility (Parsons & Jones, 1998; Yap & 
Brown, 2000; Young et al., 2001). 

Plyometric training has proven to be an effective meth- 
od for improving several physical qualities such as strength 
and jumping height, running, agility, sprint speed, and en- 
durance (Oxfeldt et al., 2019; Lum et al., 2019; de Villarreal 
et al., 2008; van de Hoef et al., 2020). In addition, plyometric 
training can also increase endurance. Results by (Lum et 
al., 2022) compared the effect of isometric strength train- 
ing with plyometric training on endurance running perfor- 
mance, showing that both types of training are effective in 
increasing muscle endurance during running. Plyometric 
training seem to be an effective and safe training mode for 
increasing leg muscle volume, thigh muscle volume, thigh 


and calf circumference, and muscle pennation angle. There- 
fore, plyometric training are effective for increasing muscle 
size and architecture, with potential implications in several 
clinical and training-related contexts (Ramirez-Campillo et 
al., 2022). 

Plyometric training is one of the jumping-type training 
methods known as the stretch-shortening cycle which is 
based on neurophysiological mechanisms (Kim et al., 2022; 
Bedoya et al., 2015). The stretch-shortening cycle increases 
the ability of the nervous system and muscles to produce 
maximum strength in a short period, encouraging the use of 
plyometric training as a bridge between strength and speed 
(Markovic & Mikulic, 2010). The goal of plyometric training 
is to increase the strength of subsequent movements by using 
the natural elastic components of muscles and tendons and 
the stretch reflex (Bedoya et al., 2015; Meylan & Malatesta, 
2009). Plyometric training use the stretch-shortening cycle 
method by using muscle lengthening (eccentric) movements 
that are rapidly followed by muscle shortening (concentric) 
movements (Davies et al., 2015; Chu, 1998; Ebben et al., 
2008). de Villarreal (2009) found that a combination of ply- 
ometrics using body weight, including countermovement 
jumps, depth jumps, and squat jumps, resulted in a 4.7% to 
15% increase in vertical jump height. The effectiveness of 
plyometric training may also depend on the training design 
and the length of the intervention period (Silva et al., 2019; 
Cankaya et al., 2018). Plyometric training has proven to bea 
safe training option when programmed properly, especially 
when given in a supervised setting (Vetrovsky et al., 2019). 
It can therefore be concluded that both plyometric and re- 
sistance training interventions can produce similar effects 
on overall muscle hypertrophy, at least for the lower extrem- 
ity muscle groups, in untrained and recreationally trained 
individuals, and during the short-term intervention period 
(Grgic et al. al., 2021). In addition, plyometric training can 
also be an effective training technique to improve an athlete’s 
agility (Cherni et al., 2019). 


Conclusion 


In general, it can be concluded that giving a plyometric 
training program (hurdle-box Jump) which is carried out 
3x/week for six weeks is effective in increasing the explo- 
sive power of horizontal leg muscles, the explosive power of 
vertical leg muscles, and increasing agility in Athletics and 
Swimming Athletes At the Pusat Pembinaan dan Latihan 
Pelajar (PPLP) East Java. 
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WECTUTUMHEBA NPOFPAMA NMlOMETPUYHUX 
TPEHYBAHb MOKPALLYE BABYXOBY CUJIY TA CNPUTHICTb 
y MPOMECINHUX CNOPTCMEHIB CXIQHO! ABU 


singa AGi Ilepmana'®?”, Hinin Bigbax Kycnanix™®”, Hypxacan'“®”, Caamet Paxapa>Ko*®? 


'Cypabalicbkum JepxKaBHMM yHiBepcuTeT 
*MaslaHrcbKUM JjepKaBHUM yHiBepcuTeT 


Astopcepknii Bkmag: A — qu3aiiH gocmippKenua; B - 36ip qanmx; C - ctaranamis; D - nigrotosKa pykxonncy; E - 36ip komTis 


Peqepar. Crarra: 8 c., 1 ra67., 2 puc., 42 mKepema. 


Mera fociigs>KeHHA NonArasa B TOMY, 1106 FoBecTu esbeKTMBHiCcTb MporpaMu MiOMeTPM4HUX TpeHyBaHb Y MiPBUUeHHi B- 
6yxoBoi cum Ta cipuTHocTi y upodeciMtHux cnoprcmeHis CxiqHoi ABU. 

Marepiann Ta Metogu. Le jocnis>KeHHA € HonepesHiM eKCIepMMeHTOM 3 laHOM WolMepefHbOro Ta Wif[CyMKOBOrO TecTy- 
BaHHA Ha OHI rpyni. Y gocnip2KeHHi FOOpoBIIbHO B3ANM yyacTb 3aramom 15 cHOpTcMeHiB YOMOBIYO: CTaTi 3 NerkKOi aTIeTUKU 
Ta 1iaBaHHA B HaBuabHO-TpeHyBa/IbHOMy LeHTpi CryfeHTcbKoro cnopty (PPLP), Cxigua Axa, Infouesia, Bikom 15-17 poxis, 
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ingfekc Macn Tima (IMT) 18,5-24,0 xr/m’, HopMambHMit apTepiaibHUui THcK, HOpMambHa UCC y craui cnoxow. [Iporpamy miome- 
TPM4HUX TpeHyBaHb (cTpMOKu 3 MepeiKoyaMu) MpoBosMu Ho 30 XBMIMH Ha TpeHyBaHHA 3 iHTeHCUBHIiCTIO 80-90% MakKcuMalIb- 
Hoi UCC (HRmax) 3 yacToror 3 pas Ha TIDKAeHb IPOTATOM WecTu TwWKHiB. [1a BUMiploBaHHA BUOYXOBOi CUMIN TOpu30HTalIb- 
HMX M’A3iB Hit BAKOPMCTOByBasM TecT «CTpMOOK y JOBKMHY 3 Micl|A», TOP AK WIA BUMiptoBaHHA BUOyXOBOi CMM BepTMKaIbHUx 
M’A3iB Hir BAKOpMcToByBann TecT «[[mppoBui BUMipIoBad BUCOTM BepTMKabHOrO CTpuOKa». JIA BUMiplOBAaHHA CIIpMTHOCTI 
BUKOPUCTOByBaIM TecT «TOBHMKOBUM Gir», a BAOyxXOBy CUMy Ta CIpUTHICTD BUMIpIoBasIM B Hepioj, JO WOUaTKy TpeHyBaHb Ta ye- 
pe3 wicTb TWOKHiB Mica TpeHyBaHb. JA aHami3sy JaHMx BUKOpMcToByBasM t-KpuTepili CrpiofeHTa [iA MapHMx BUOIpOK 3a piBHA 
3HadyMocTi 5% i3 3acTOCyBaHHAM IIporpaMHOTo 3abe3redeHHA Statistical Package for Social Science (SPSS) Bepcii 21. 

Pesyapratu. PesyibraTu Aocmif»KeHHA TOKa3aiM, WO icHye CTaTMCTMYHO 3Ha4yUla pi3sHUlA B CepesHbOMY 3OiMbUIeHHI BM- 
6yxoBoi cum 10 ropu30HTali, BepTMKasi Ta CIIpUTHOCTI MbK Mepiogamnu JO Ta Micna TpeHyBaHb (p < 0,001). 

BucHoBKM. 3aralOM MO>%KHAa JiMTU BUCHOBKY, WO IporpaMa mmioMeTpu4dHUX TpeHyBaHb (cTpuOKM 3 MepellikogaMnu), AKYy 
HPOBOLATD 3 pas Ha TIDKJ€Hb UPOTATOM WIeCTM TYDKHIB, ebeKTMBHO 30iNbUIye BUOYXOBY CMIy TOPM3OHTaIbHUX M’A3iB Hil, BU- 
6yxoBy CMly BepTuKayIbHUX M’A3iB Hir i Mi{BUIye CUPMTHICTD. 

Kiroyvosi cioga: niioMeTpv Hi TpeHyBaHHA, CTpuOKM 3 MepeuiKoaMu, BUOyxoBa Cua, CIPMTHICTD. 
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Abstract 


The purpose of this study to find out the relationship of selected physical and angular kinematical variables with the 
performance of toe-touch skill among male kabaddi players (raiders). 

Materials and methods. One hundred male raiders were selected for this study. The age of the participants ranged 
between 18 and 25 years. The selected physical variable, i.e. lower extremity explosive strength was measured by 

the standing broad jump test. Selected angular kinematical variables were measured by the software ‘Kinovea 
version-0.9.3. The toe-touch skill performed by raiders was measured by three experts’ rating. The inter-rater 
reliability of the scores awarded by the experts to the participants was tested by Cohen’s Kappa test and the Kappa 


coefficient was found significant. 


Results. Spearman's rank correlation revealed that there was significant correlation in case of lower extremity 
explosive strength (rs = 0.259, p = 0.009), angle at leading leg ankle joint (rs = 0.327, p = 0.001) variables and there 
was no significant correlation in case of angle at trailing leg ankle joint (rs = 0.016, p = 0.871), angle at leading 

leg knee joint (rs = 0.23, p= 0.823), angle at trailing leg knee joint (rs = -0.171, p = 0.089) and angle at hip joint 

(rs = -0.195, p = 0.052) variables with the performance of toe-touch skill in kabaddi. 

Conclusions. The study concludes that lower extremity explosive strength and the angle at the leading leg ankle joint 
positively contribute to toe-touch skill performance in male kabaddi players. 

Keywords: kabaddi, raider, skill, physical variable, angular kinematics. 


Introduction 


Kabaddi, native to the Indian subcontinent with its 
history dating back to 4000 years, is a contact sport played 
by two teams of five to seven players each (Kukreja, 2022). 
Kabaddi is a game which combines the actions of wrestling, 
judo, rugby and gymnastics. The important body move- 
ments in this game involve catching, holding, locking and 
jumping (Shobha & Jyoti, 2022). 
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We all know that physical fitness is the basic founda- 
tion that supports athlete achievement. Without adequate 
physical fitness, athletes cannot perform techniques well 
and maximally. (Erliana & Hartoto, 2019; Tirtayasa et al, 
2020; Piyana et al, 2020). Physical fitness in kabaddi sports 
consists of cardiovascular endurance, hand muscle strength, 
leg muscle strength, back muscle strength, shoulder muscle 
strength, arm muscle endurance, explosive power, agility, 
and reaction speed (Santika & Subekti, 2020). 

The term biomechanics combines the prefix bio, mean- 
ing “life,” with the field of mechanics, which is the study of 
the actions of forces. Kinematics and kinetics are further 
subdivisions of biomechanical studies (Hall, 2019). Angular 
kinematics describes angular motion, or motion involving 
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Table 1. List of variables 


S.N. Variables Explanation 

1. Explosive strength An ability of the muscle to overcome resistance with high speed 

2. Angle at leading leg ankle A movement of joint where lateral malleolus is an axis and fibular head and fifth metatarsal are two 
joint arms. 

3. Angle at trailing leg ankle A movement of joint where greater trochanter is an axis and lateral-epicondyle of femur and midline 
joint of the pelvis are two arms. 

4. Angle at leading leg knee A movement of joint where lateral-epicondyle of the femur is an axis and greater trochanter and 
joint lateral malleolus are two arms. 

5. Angle at trailing leg knee A movement of joint where lateral-epicondyle of the femur is an axis and greater trochanter and 
joint lateral malleolus are two arms. 


6. Angle at hip joint 
of the pelvis are two arms. 


7. Toe-touch skill 


rotations like swings, spins, and twists. Angular kinematics 
describes the rotation of the whole body, like when a diver 
or gymnast performs a spin in the air, or the rotation of 
individual body segments, like when you bend or straighten 
your forearm at the elbow (McCaw, 2014). 

Biomechanical measurement allows for precise, quan- 
tifiable examination of technical features, which then be- 
comes a benchmark of a training program and seems to be a 
factor in effective training design, particularly if it concerns 
detecting the degree of performance expertise and assessing 
it as part of an athlete’s growth process, as well as adopting 
Kinesiological operators and modelling methodical meth- 
ods” (Akhtar & Bej, 1997). 

Researchers have conducted various studies to deter- 
mine the relationship between physical, anthropometric, 
physiological and psychological variables and kabaddi play- 
ers’ playing ability (Devaraju & Needhiraja, 2012; Johnson, 
2016; Pandey & Sardar, 2016). But the number of studies de- 
scribing the relationship of particular domain variables with 
a particular skill performance in kabaddi, is very few. There 
is a significantly smaller number of biomechanical studies 
on kabaddi (Ram, 2019a,b; Ram & Singh, 2021a,b). Hence, 
this study was conducted to determine the relationship be- 
tween selected physical and angular kinematic variables and 
toe-touch skill performance (TTSP). 


Material and Methods 


Study participants 


One hundred male raiders who at least participated in 
inter-college level competition were selected for this study 
by purposive sampling technique. The age of the participants 
ranged from 18-25 years. All the participants had knowl- 
edge and training experience in kabaddi. They were selected 
from various kabaddi academies of four states of India: Pun- 
jab, Himachal Pradesh, Haryana and Uttarakhand, and one 
union territory: Chandigarh. Prior permission was taken 
from coaches of kabaddi academies before data collection. 
The participants also signed a written consent form to par- 
ticipate in the study. 

A total of 6 variables (1 physical + 5 angular kinematical 
variables) were selected in this study (Table 1). 


A movement of joint where greater trochanter is an axis and lateral-epicondyle of femur and midline 


A skill performed by a raider to touch opponent's toe by his toe. 


Raiders (100) 


Inter- 
College (18) 


State Level 
(15) 


Junior 
National 
(47) 


Senior 
National 
(20) 


Fig. 1. Description of sampling plan 


Procedure 


All the participants were informed in detail about the 
research protocol and the basic characteristics of the study. 
No unique motivation technique was used to motivate the 
players before data collection. All the participants executed 
the same protocol under the same circumstances and were 
guided by the researcher. The measurement of lower extrem- 
ity explosive strength was taken with a standardized test, 
ie. standing broad jump test, and the measuring unit was 
centimeter. Each participant got three chances to perform 
the test, and the best one was taken as a score. 

To measure the performance of the toe-touch skill of 
raiders, instructions were given to raiders that they have to 
raid on the opponents side and perform a toe-touch skill. 
Appropriate time was given to raiders and defenders for gen- 
eral and specific warm-ups. A Match situation was created, 
and the raiders were asked to raid. Three raids were given 
to every raider, and the best one was considered. The per- 
formance of every raid was recorded by Y1-Action Camera 
with a speed of 240fps (Figure 2). 

The measurements of selected angular kinematic vari- 
ables were extracted from the skill performance videos using 
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Table 2 Description of selected tools and their measuring 
units 


S.N. Variable Tool ees 
Unit 
1. Explosive strength a i Centimeter 
jump test 

Angle at leading leg : 

2. ankle joint Kinovea Software Degree 
Angle at trailing leg ; 

3. ankle joint Kinovea Software Degree 

4. = ableadinglee nace Kinovea Software Degree 
joint 

5. ee abpralineise nee Kinovea Software Degree 
joint 

6. Angle at hip joint Kinovea Software Degree 

7 i esesoniniae Rating Scale Points 
Performance 


Fig. 2. Participant performing Toe-Touch skill 


the software ‘Kinovea version-0.9.3’ following the guideline 
mentioned by Gogoi & Rajpoot (2019). 

After completing the data collection process, research- 
ers contacted kabaddi experts and explained the purpose of 
this study and their role in rating the participants according 
to their performance. The rating scale was given to each ex- 
pert before starting the evaluation process (Table 3). The re- 
corded videos of participants’ performances were shown to 
three experts for rating purposes. All experts had a diploma 
in coaching in kabaddi and participated in national-level 
competitions. Experts’ inter-rater reliability was tested using 
Cohen’s Kappa inter-rater reliability test and found signifi- 
cant (Kvalseth, 1989). The average of the total scores given 
by the participants was taken as the final performance score 
for the participants. 


Table 3. Explanation of Rating Scale 


S.N. Comment Score 
1 Very Good 5 
2 Good 4 
3 Average 3 
4 Satisfactory 2 
5 Poor 1 


Statistical Technique 


Descriptive statistics, iie., the median, inter-quartile 
range, was calculated. According to the nature of the data, 
the non-parametric test ‘Spearman Rank Correlation’ was 
employed to find out the relationship between TTSP and an- 
thropometric variables with the help of SPSS-software ver- 
sion 23. The level of significance was set at 0.05 (Zar, 2005). 


Results 


Table 4 shows the median and inter-quartile range val- 
ues of skill performance scores and selected physical vari- 
ables. Median and inter-quartile range values of performance 
scores and variables are 3 (1) and 229 (25.75) respectively. 
It also exhibited a significant relationship of lower extremity 
explosive strength variable (rs = 0.259, p = 0.009) with toe 
touch skill performance at 0.01 level. 


Table 4. The relationship of the selected physical variable 
with the performance of toe-touch skill 


S.N. Variable Diedian MIG aMexyaluctee itt 
(sig.) 

1. Performance Scores 3 1 - - 

2. Explosive Strength 229 25.75 0.259 0.009** 


Note: IQR= Inter Quartile Range;** Denotes significant rela- 
tionship at 0.01 level of significance 


Table 5 shows the median and inter-quartile range val- 
ues of skill performance scores and selected angular kine- 
matical variables. Median and inter-quartile range values of 
performance scores, angle at leading leg ankle joint, angle 
at trailing leg ankle joint, angle at leading leg knee joint, 
angle at trailing leg knee joint and angle at hip joint vari- 
ables are 3 (1), 137 (28.50), 66.50 (20), 173 (10.75), 45.50 
(32.75) and 149 (24.50) respectively. It also shows that there 
is an insignificant relationship of angle at trailing leg an- 
He joint (rs = 0.016, p = 0.871), angle at leading leg knee 
joint (rs = 0.023, p = 0.823), angle at trailing leg knee joint 
(rs = -0.171, p = 0.089) and angle at hip joint (rs = -0.195, 


Table 5. The relationship of selected angular kinematical 
variables with the performance of toe-touch skill 


S.N. Variable Median IQR ‘Y’ value Bava 
(sig.) 

1. Performance Scores 3 1 - = 

2. Angle at leadingleg 137 28.50 0.327  0.001** 
ankle joint 

3. Angle attrailingleg 66.50 20 0.016 0.871 
ankle joint 

4, Angle at leadingleg 173 10.75 0.023 0.823 
knee joint 

5. Angle at trailingleg 45.50 32.75 -0.171 0.089 
knee joint 

6. Angle at hip joint 149 24.50 -0.195 0.052 


Note: IQR= Inter Quartile Range; ** Denotes significant rela- 
tionship at 0.01 level of significance 
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p = 0.052) with toe touch skill performance with toe-touch 
skill performance at 0.05 level of significance and signifi- 
cant relationship of angle at leading leg ankle joint variable 
(rs = 0.327, p = 0.001) with toe-touch skill performance at 
0.01 level of significance 


Discussion 


There is evidence that physical variables contribute sig- 
nificantly to the playing ability of male kabaddi players and 
angular kinematical variables contribute to the playing abil- 
ity of sports events (Devaraju & Needhiraja, 2012; Kelmendi, 
Miftari & Tekin, 2021). 

This study aimed to determine the relationship of se- 
lected physical and angular kinematic variables with the per- 
formance of toe-touch skills among male kabaddi players 
(raiders). One physical variable: lower extremity explosive 
strength, and five angular kinematical variables: angle at 
leading leg ankle joint, angle at trailing leg ankle joint, angle 
at leading leg knee joint, angle at trailing leg knee joint and 
angle at hip joint were taken in this study. 

The result showed a significant relationship (rs = 0.259, 
p = 0.009) between the lower extremity explosive strength 
variable and TTSP. The result of this finding is supported by 
the study by Pandey and Sardar (2016), where they found a 
significant correlation between the lower extremity explo- 
sive strength variable and the playing ability of university- 
level kabaddi players. 

The result showed a significant relationship (rs = 0.327, 
p = 0.001) between angle at leading leg ankle joint variable 
and T'TSP. The result of this finding is supported by the study 
conducted by Bisht & Kumar (2020) where they found that 
there was significant correlation between angle at leading leg 
ankle joint variable during execution phase and accuracy of 
tennis serve. 

The result showed that there was an insignificant rela- 
tionship (rs = 0.016, p = 0.871) between angle at trailing leg 
ankle joint variable and TTSP. The result of this finding is 
supported by the study conducted by Rathod (2018) where 
he found that there was an insignificant correlation between 
angle at ankle joint variable and race walk performance. 

The result showed that there was an insignificant rela- 
tionship (rs = 0.023, p = 0.823) between angle at leading leg 
knee joint variable and TTSP. The result of this finding is 
supported by the study conducted by Bisht & Kumar (2020) 
where they found that there was an insignificant correlation 
between angle at leading leg knee joint during execution 
phase variable and accuracy of tennis serve. 

The result showed that there was an insignificant rela- 
tionship (rs = -0.171, p = 0.089) between angle at trailing 
leg knee joint variable and TTSP. The result of this find- 
ing is supported by the study conducted by Rathod (2018) 
where they found that there was an insignificant correla- 
tion between angle at knee joint variable and javelin throw 
performance. 

The result showed that there was an insignificant rela- 
tionship (rs = -0.195, p = 0.052) between angle at hip joint 
variable and TTSP. The result of this finding is supported by 
the study conducted by Bisht & Kumar (2020) where they 
found that there was an insignificant correlation between 
angle at hip joint variable during preparatory phase and ac- 
curacy of tennis serve. 


The results of the selected physical variable are similar 
to studies earlier conducted in kabaddi and showed that ex- 
plosive strength plays an important role in the playing ability 
of kabaddi. In the case of angular kinematical variables, no 
study defines the relationship of angular kinematical vari- 
ables with kabaddi playing ability. The results of this study 
state that the angle at the leading leg ankle joint positively 
correlates with toe-touch skill performance in kabaddi. 


Conclusion 


The study concludes that increasing the lower extrem- 
ity’s explosive strength positively contributes to toe-touch 
skill performance in kabaddi. Angle at leading leg positively 
contributes in toe-touch skill performance in kabaddi. It can 
help coaches while make training plan for raiders to enhance 
their raiding performance. 
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3B’A30K BABPAHMX OISUY4HMX | KYTOBUX KIHEMATUYUHUX 3MIHHUX 
13 BAKOHAHHAM NPUMOMY TOPKAHHA NAJIbLIAMY HIT Y FPI KABA AI 


UpxacBip Pam'“®©", Thxosed Cinrx”“®°, bana>xingep Cinrx***°, 
Xemantaypxut Torom*©’?, Hacep Mymrak Patxep*°* 


'XomiaplypcbKuM epxKaBHMM Kosey>K 

*Hanjionambunmn incturyt PismyHoro BuxoBaHHA imeni Jlakumi Bait 
*Cynxapcbkun KonepK Xasca imeni lypy Xaprooiny 

“Yuipepcutet cnopty imeni Ilpi Lpi Anipyayxayesu 
*TanfepOanbcbka JepKaBHa CepegqHA WIKOsIa AIA DiByaT 


Astopcepknit Bkiag: A — qu3aiiH pocmippKenus; B - 36ip faux; C - craranazis; D - nigrotoBKa pyxonncy; E - 36ip komrTis 


Pedepart. Crarra: 6 c., 5 ra67., 2 puc., 23 mpKepena. 


Mera boro JOcTisKeHHA — 3’ ACyBaTM B3a€MO3B A3OK BUOpaHNx CPisMdHMX i KyYTOBMX KiHeMaTM4YHUX 3MiHHMX i3 BUKOHaH- 
HAM IIPMMOMy TOPKaHHA NasIbUAMM Hir Cepey| YONOBIKiB-rpaBUiB y Kaban (pepepis). 

Marepiamm Ta Metogn. J[1a yuacti B UbOMy AOcHispKeHHi Oyno BiziOpaHo cro YoNOBikiB-pempepis. Bik yyacHUKiB KOJIN- 
BaBcaA Big, 18 Wo 25 poxis. Buopany diswuny 3MiHHy, TOOTO BUbyxoBy Cy HVOKHIX KiHUiBOK, BMMIpIOBasIM 3a JOMOMOTO!O TecTy 
«Crpnv6kn B JOB XKUMHY 3 MicuA». BuOpani kyToBi KiHeMaTMUHi 3MiHHi BUMip1oBaIM 3a JOMOMOFO! LIporpaMHoro sabe3sleueHHA 
«Kinovea version-0.9.3». IIpuiiom TopKaHHA NasIbUAMM Hil, AKMM BUKOHYBaIIU peltjepu, BMMipoBasIM OLHKOW TpbOXx eKCIIepTiB. 
Mixekcneptua HajlimHicTb Oasis, Ipu3HaveHUXx eKCIepTaMu y4uacHukam, bya HepeBipeHa 3a JoMOMmorow Tecty Koena, i Koedi- 
Wi€HT Kalina OyB BU3HAHMM 3Hayy MM. 

Pesynpratn. Panroza kopemayia CnipMena noka3avia, Wo icHye 3Hady a KOpeALA Y BUIAKy TaKMX 3MiHHMX, AK BUOyXOBa 
CMa HYDKHbO! KiHUIBKM (rs = 0,259, p = 0,009), kyT y roMimKoBocTomHomy cyrio06i nepeqHbO! Horn (rs = 0,327, p = 0,001), i Bin- 
CyTHA 3Ha4yla Kopenalia y BUMAKY TAKUX 3MiHHUX, AK KYT y TOMiIKOBOCTOMHOMY Cyrm06i 3aqHboi Hor (rs = 0,016, p = 0,871), 
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KyT y KomiHHOMy Cyrm06i HepesHbO! Hor (rs = 0,23, p= 0,823), kyT y KomiHHOMy cyrm06i 3agHbO! Hor (rs = -0,171, p = 0,089) ixyr 
y Ta3ocTerHoBomy cyri06i (rs = -0,195, p = 0,052), 3 BAKOHaHHAM IIpMMoMy TOpKaHHA ayibuAMu Hir y rpi Kabaspi. 
BucHosku. ABTOpM JOCIiKeHHA AIM BUCHOBKY, UjO BUOyXOBa CMa HYKHIX KiHUiBOK i KyT y rOMi/IKOBOCTOMHOMY Cy- 
rm06i HepesHbOI HOM MO3MTMBHO BIVIMBaIOTb Ha BUKOHaHHA IIpMMOMy TOPpKaHHA [WasIbUAMM Hil y YOMOBIKiB-rpaBLiB y Kaba. 
Knrouosi cnoza: KaGasyi, pelizep, mpuiiom, pismuna 3MiHHa, KyTOBa KiHeMaTuKa. 
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Abstract 


Study purpose. This study aims to clarify the extent to which students’ physical activity is significant for their 


engagement in the learning process. 


Materials and methods. The study sample was composed of 202 7'*-10"" grade students. The data collection was 
performed in May 2021. The research participants completed the anonymous questionnaire on an online platform. 
The standardized Physical Activity Questionnaire for Adolescents and the standardized Student Engagement Scale 
were used to assess levels of physical activity and affective and behavioural engagement. 

Results. The research findings showed that students’ physical activity depended on the time they participated 

in physical activities. The highest level of physical activity was during physical education classes. A statistically 
significant difference was determined in the boys’ and girls’ affective and behavioural engagement. The mean for the 
girls was higher than the mean for the boys. A statistically significant difference in the behavioural engagement of 
the 9" and 10" grade students was also found: 9" grade students were more engaged than 10" grade students. The 
multiple linear regression analysis demonstrated that gender (B = 0.332, p < 0.0001) and physical activity (6 = 0.323, 
p < 0.0001) as predictors had a significant moderate effect on behavioural engagement. 

Conclusions. The research findings reveal that although the students’ physical activity was low during the COVID-19 
pandemic period, this phenomenon (physical activity) still remains a predictor, which has a significant moderate 
effect on behavioural engagement. It was also determined that during the pandemic, the highest physical activity level 
of students depended mostly on obligatory physical education lessons. Thus, bearing in mind that physical education 
lessons were the main physical activity-enhancing measures, we would like to emphasise the importance of these 


lessons and their proper organisation. 


Keywords: affective engagement, behavioural engagement, physical activity, physical education lessons. 


Introduction 


The COVID-19 pandemic has posed numerous chal- 
lenges to various national systems (education, health, so- 
cial and others). The changed living environments, distance 
learning, and social isolation during the pandemic have also 
had negative consequences for the general and mental health 
of many adolescents (Zhou et al., 2020), and for their en- 
gagement in learning (Steinmayr et al., 2020). According to 
researchers, one of the most important factors in changes 
to adolescents’ health has been decreased physical activity, 


© Kemeryte-Ivanauskiene, E., Brandisauskiene, A., 
Cesnaviciene, J., & Daugirdiene, A., 2022. 


* Crop 


oy 
@ TMOB 
‘@® TOB OBC 


as most students have been unable to attend sport clubs or 
actively exercise during physical education lessons (Moore 
et al., 2020). It may also be attributed to a transitional stage 
of physical and psychological development at which this age 
group is more sensitive to this unprecedented shift from on- 
site teaching to virtual classrooms (Shen et al., 2020). 
Physical activity is defined as any bodily movement 
produced by skeletal muscles and that requires energy ex- 
penditure (NIH Consensus, 1996). It confers strong posi- 
tive health benefits in youth, including positive effects on 
metabolic syndrome (Janssen & LeBlanc, 2010), reduction of 
the risk of suffering chronic illnesses, bone mineral density, 
weight management and obesity, as well as lower risks of car- 
diovascular diseases (Haynos & O’Donohue, 2012). Physical 
activity also has a positive effect on mental health in youth. 
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There is now substantial evidence that physical activity is 
positively associated with production of hormones, such as 
endorphins, while it decreases cortisol levels and improves 
general mood. During this difficult period, when the number 
of adolescents complaining of mental problems has increased 
(Lei et al., 2020), physical activity can become a means of 
reducing stress, the state of depression, and anxiety levels of 
adolescents (Dsouza et al., 2020). Scientific studies show that 
being physically active not only reduces the symptoms of de- 
pression in adolescents, but also improves their psychologi- 
cal state, i.e., increases self-esteem and improves cognitive 
functions. The data demonstrate that life satisfaction among 
young people increases in proportion to the reported level of 
physical activity (Lojdova et al., 2021). If physical exercise be- 
comes a routine part of adolescents’ lives, their mental health 
improves and depressive symptoms decrease in the long term 
(Biddle et al., 2019). Furthermore, recent research found that 
mental health benefits are only attained if a certain physical 
activity level is achieved (Maugeri et al., 2020). 

The World Health Organization recommends a mini- 
mum of 60 minutes a day of moderate to vigorous physical 
activity for children aged between 5 and 17 years (Piercy et 
al., 2018). However, despite clear evidence of the potential 
benefits of being physically active, youth around the world 
often fail to achieve the recommended 60 minutes of mod- 
erate to vigorous physical activity per day. Research reveals 
that only 10 percent of children meet these recommenda- 
tions for physical activity (Aubert et al., 2018). 

Physical activity has clear links to students’ academic 
achievement (Weston et al., 2020). Physical activity, espe- 
cially physical education, improves classroom behaviour and 
benefits several aspects of academic achievement, especially 
mathematics-related skills, reading, and composite scores 
(Alvarez-Bueno et al., 2017). Studies on physical activity 
demonstrate that the more active adolescents are, the higher 
their academic achievement is, and as students’ physical ac- 
tivity increases in leisure time, especially in moderate to vig- 
orous intensity, their cognitive abilities improve (Rodriguez 
et al., 2020). Furthermore, physical activity, especially aerobic 
exercise, may also have a positive effect on brain structures 
and their functions, improving attention, processing speed 
and concentration capacity, and enabling the achievement of 
higher academic performance (Donnelly et al., 2016). 

Visier-Alfonso et al. (2021) stated that students’ cardio- 
vascular state had an influence on their academic achieve- 
ment. This is supported by other scientists, who claim that 
adolescents who regularly participate in physical activity and 
who are aerobically fit (Lagestad, 2019) perform better aca- 
demically than those who are sedentary. Physical activity is 
associated with a greater cerebral blood supply; a greater 
volume in the frontal cortex and the hippocampus (Erickson 
et al., 2014). Studies indicate that physical activity increases 
activation in children’s prefrontal cortex, which is associated 
with self-regulatory behaviours, when students are able to 
better participate in classroom lessons, and this increased 
engagement is a possible mechanism by which physical ac- 
tivity can have a positive influence on student achievement 
(Zan, 2013). This is based on the fact that physical activity 
and cognitive abilities of the student are activated by the 
same nervous system centres (Mavilidi et al., 2019). 

Thus, the problem-based question arises: Has students’ 
physical activity been significant for their engagement in 


learning during the COVID-19 pandemic? We consider this 
issue as worthy of exploration as research shows that students 
have made less academic progress during this pandemic pe- 
riod compared with previous years (Renaissance Learning & 
Education Policy Institute, 2021). Therefore, it is important to 
identify factors that may influence student achievement. In 
this case, engagement is understood as a construct, encom- 
passing commitment to learning, and we assess students’ emo- 
tional engagement (the presence of task-facilitating emotions, 
such as interest) and behavioural engagement (their concen- 
tration, attention, and effort) (Reeve, 2012). Research demon- 
strates that engagement is a positive state of learning (energy, 
dedication, attention) and higher levels of student engagement 
are associated with higher academic achievement (Harbour 
et al. 2015). Moreover, adolescents’ emotional engagement 
is related to further learning (Gutman & Schoon, 2018), psy- 
chological outcomes (self-esteem and scholastic self-esteem) 
(Markowitz, 2017), and a sense of being an acknowledged 
member of the school community (Ulmanen et al., 2016). 


Materials and methods 


Study participants 


The selection of the research sample was carried out 
in two steps. The first step involved school selection. Four 
general education schools were selected in three munici- 
palities of Lithuania with low-SES contexts. The second step 
included the selection of a grade in every school. The re- 
search sample was composed of 202 7-10" grade students 
(112 girls and 90 boys). The sample distribution according to 
gender and grade is shown in Table 1. 


Table 1. Research sample 


Girls Boys Total 

n % n % n % 
7” grade 31 27.7 18 20 49 24.3 
8" grade 30 26.8 26 28.9 56 2/7. 
9" grade 20 17.8 21 23:3 41 20.3 
10" grade 31 27.7 25 278 56 27.7 
Total 112 100 90 100 202 100 
Study organization 


The research was conducted in accordance with the 
ethical rules of the Helsinki Declaration. Oral consent from 
each school’s principal was sought prior to the distribution of 
questionnaires. Informed consent was obtained from all the 
students and their parents or guardians. All students were 
informed that their responses would be treated in strictest 
confidence and that responses were entirely anonymous. The 
data collection was performed in May 2021. The research 
participants completed the anonymous questionnaire on the 
online platform https://apklausa.lt/. The anonymous self- 
report questionnaire was divided into three parts. Part I 
of the questionnaire collected students basic information 
(gender, grade). Part II contained the Physical Activity 
Questionnaire for Adolescents (PAQ-A; Kowalski et al., 
2004). This questionnaire was developed to assess general 
levels of physical activity. Each of the 9 questionnaire items 
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Table 2. Descriptive statistics of physical activity scores 


Girls 


Mean 
Spare-time activity: sports 1.83 
Activity during physical education classes 3.40 
Lunchtime activity 1.33 
After-school activity 2.74 
Evening activity 2.95 
Weekend activity 2.99 
Activity frequency over the last 7 days 2.64 
Activity frequency during each day of the last week 2.90 
PAQ-A total 2.40 


was scored on a 5-point scale (the lowest activity response 
being 1 and the highest activity response being 5). The total 
score of the PAQ-A was calculated by adding all the average 
scores of the questions. Part III contained two subscales of the 
Student Engagement Scale (Lam et al., 2014), namely Affective 
Engagement and Behavioural Engagement. Each item of the 
subscales was rated on a 5-point Likert scale, ranging from 
1 (strongly disagree) to 5 (strongly agree). In this study, the 
internal consistency of the PAQ-A, the Affective Engagement 
subscale, and the Behavioural Engagement subscale was 
checked with Cronbach’s alpha test. The Cronbach's alpha 
of 0.70 or higher for a set of items is considered acceptable 
(Cohen et al., 2018). Cronbach’s alpha test showed the PAQ-A 
reached acceptable reliability, a = 0.891. The findings of 
Cronbach's alpha suggested that the two subscales (a= 0.892 
for Affective Engagement and a=0.831 for Behavioural 
Engagement) also had an acceptable internal consistency. 


Statistical analysis 


The data analysis was made using IBM SPSS Statistics 26. 
Frequency, percentage, mean, and standard deviation were 
used in the descriptive procedures. Between-gender differ- 
ences were assessed by Student t-tests. The difference between 
the 7-10" grade students was determined by ANOVA. Sta- 
tistical significance level was p < 0.05. Cohen's d for a Student 
t-test was calculated, and the effect size was examined. For 
Cohens d, a value of 0.20 is interpreted as a small effect, 0.50 is 
a medium effect, and 0.80 is a large effect. Partial Eta squared 
1° is an effect size measured for ANOVA. Basic rules of thumb 
are that n? = 0.01 indicates a small effect; 1’ = 0.06 indicates a 
medium effect; 1? = 0.14 indicates a large effect. Multiple lin- 
ear regression analyses were used to examine the association 
of gender, 7-10" grade, and physical activity with student 
affective and behavioural engagement. In regression analy- 
sis, the effect size of the predictor variables is given by the 
beta loadings. In interpreting the effect size gives the follow- 
ing guidance: 0-0.1 weak effect, 0.1-0.3 modest effect, 0.3-0.5 
moderate effect, and > 0.5 strong effect (Cohen et al., 2018). 


Results 


Physical activity 


The research findings (Table 2) showed that students’ 
physical activity depended on the time they participated in 
physical activities. The highest level of physical activity was 


Boys Total 
SD Mean SD Mean SD 
0.52 2.09 0.69 1.94 0.62 
1.07 3.91 1.00 3.59 1.05 
0.68 1.43 0.78 1.38 0.73 
1.28 3.08 1.28 2.90 1.29 
1.25 2.95 1.29 2.95 1.27 
1.15 2.98 1.23 2.98 1.18 
1.20 2.99 1.26 2.80 1:23 
0.96 2.82 1.05 2.86 1.00 
0.62 2.54 0.69 2.46 0.66 


during physical education classes. The least active periods 
were during the breaks between lessons. The boys’ and girls’ 
physical activity total scores were 2.54 (SD = 0.69) and 2.40 
(SD = 0.62), respectively. The total score was not high ei- 
ther, and did not reveal a statistically significant difference 
(t = 1.405, p = 0.162). 

The ANOVA test (Table 3) revealed that there was no 
statistically significant difference in the physical activity of 
students in different grades (F = 2,457, p = 0.064), although 
general levels of physical activity of the 7"-8" grade students 
were slightly higher than the 9"°-10" grade students. 


Table 3. Differences of physical activity between the 7-10" 
grade students 


Mean SD Mean ANOVA test Partial Eta 
e Square F p squared 1” 
7" grade 2.58 0.77 
8" grade 2.59 0.64 
1.039 2.457 0.064 0.040 
9" grade 2.32 0.64 


10" grade 2.33 0.53 


Affective and behavioural engagement 


Student t-tests (Table 4) reported a significant differ- 
ence between lower affective engagement mean for the boys 
(M = 3.15, SD = 0.79) compared with the girls (M = 3.41, 
SD = 0.73; t = -2.447, p = 0.015). Moreover, a statistically 
significant difference was determined in the boys’ and girls’ 
behavioural engagement. The mean for the girls (M = 3.56, 
SD = 0.60) was higher than the mean for the boys (M = 3.22, 
SD = 0.56; t = -4.217, p = 0.0001). Finally, the Cohen's d was 
small for affective engagement (d = 0.34) and medium for 
behavioural engagement (d = 0.59). 


Table 4. Student t-test findings for differences of variables 
in terms of gender 


t-test 
Mean SD ; = Cohen's d 

i B 3.15 0.7 
Affective oa 9 4.447 0.015 0.34 
engagement _ Girls 3.41 0.73 

i B 3.22 0.5 
Behavioural Boys © 4217 0.0001 0.59 
engagement _ Girls 3.56 0.60 


Comparing the affective engagement of the 7-10" grade 
students, no statistically significant difference was found 
(Table 5). However, a statistically significant difference was 
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Table 5. ANOVA test findings for differences of variables in terms of 7-10" grades 


ANOVA test i 
Mean SD Mean Square Barna ae squared 
p n 
7 grade 3.31 0.89 
8" grade 3.19 0.62 
Affective engagement 1.383 2.419 0.067 0.035 
9" grade 3.59 0.76 
10" grade 3.15 0.75 
7" grade 3.48 0.63 
8" grade 3.43 0.53 
Behavioural engagement 1.265 3.586 0.015 0.052 
9" grade 3.63 0.61 
10” grade 3.23 0.63 
Table 6. Predictions of student behavioural engagement 
: Unstandardized Standardized 
Bredic tone Coefficients B PeeErrge Coefficients 6 : P 
Constant 2.473 0.170 14.566 0.0001 
Physical activity 0.300 0.063 0.323 4.799 0.0001 
Gender 0.407 0.082 0.332 4.936 0.0001 


determined in their behavioural engagement. ANOVA with 
post-hoc Tukey HSD test showed a statistically significant 
difference in the behavioural engagement of the 9" and 10" 
grade students: 9" grade students (M = 3.63, SD = 0.61) 
were more engaged than the 10" grade students (M = 3.23, 
SD = 0.63; F = 3.589, p = 0.015). Nevertheless, partial Eta 
squared n? = 0.052 indicated a small effect. 

The multiple linear regression analysis was implement- 
ed to determine the influence of physical activity, gender 
and grade on affective and behavioural engagement. It was 
determined that the grade was not a predictor of any engage- 
ment dimension. Having eliminated the grade and repeat- 
edly performed a multiple linear regression analysis, it ap- 
peared that physical activity and gender were the predictors 
of only the students’ behavioural engagement. The obtained 
statistically significant regression model had R? = 0.20; 
F = 21.471, p < 0.0001. The findings demonstrated that gen- 
der (8 = 0.332, p < 0.0001) and physical activity (B = 0.323, 
p < 0.0001) as predictors had a significant moderate effect on 
behavioural engagement (Table 6). 


Discussion 


The findings of the study examining students’ physical 
activity and engagement in learning during the COVID-19 
pandemic enable us to highlight several important points. 

Firstly, it was determined that during the COVID-19 
pandemic period, the students’ physical activity was low 
and did not depend on gender. The first trend (low physical 
activity) is confirmed by studies performed by other sci- 
entists in Lithuania and other countries. For example, the 
research by Lopez-Sanchez et al. (2018) showed that every 
third child in Lithuania was physically active, whereas the 
decreased physical activity during the pandemic was deter- 
mined by Moore et al. (2020). According to the research- 
ers, only 2.6 percent of adolescents met the recommended 
guidelines of achieving 60 minutes of moderate-vigorous 


physical activity per day. Moreover, the study completed by 
Chambonniere et al. (2021) revealed that even initially active 
children and adolescents decreased their physical activity 
more than those initially inactive and increased their sit- 
ting time during lockdowns. However, the second trend that 
physical activity was not dependent on gender was unex- 
pected, as the data from the afore-mentioned study (Lopez- 
Sanchez et al., 2018) showed that boys of any age group were 
more physically active than girls. The determined difference 
could probably be explained by the fundamentally changed 
conditions: during the COVID-19 pandemic, a lot of sports 
clubs / activities have closed, as well as social communica- 
tion and at the same time spontaneous physical activity has 
been limited (e.g., skating, skateboarding, playing football, 
basketball, etc.). According to Hayes (2020), social commu- 
nication supported by social media could have a significant 
effect on adolescents’ physical activity; hence, it could have 
significantly reduced this type of activity for boys. 

Secondly, the findings of the study demonstrated that 
during the COVID-19 pandemic, the highest levels of stu- 
dents’ physical activity depended greatly on obligatory 
school physical education lessons. During the lessons, both 
boys’ and girls’ physical activity reached a higher level, and 
the students’ physical activity became of medium or high 
intensity. The literature review shows that benefits associ- 
ated with physical activity and fitness are not unilateral but 
instead are specific to the type, timing, and intensity of the 
physical activity. In order to ensure health and developmen- 
tal benefits, it is recommended that youth should partici- 
pate in a variety of enjoyable, developmentally appropriate 
moderate-to-vigorous physical activities for at least 60 min- 
utes per day (Piercy et al., 2018). According to researchers 
(Sallis et al., 2012), obligatory school physical education is 
probably the most effective way to enhance engagement in 
physical activity for adolescents. It is suggested that positive 
affective experiences in physical education lessons are cru- 
cial to evoke students’ intention to be physically active later 
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in their lives. Therefore, it is also important to pay attention 
to the organisation of physical activity. Physical education 
lessons and extracurricular activities should be organised 
ensuring a motivational climate, goal-oriented tasks, and 
evoking enjoyment. Improperly organised lessons can pro- 
voke students’ anger and amotivation to be physically active 
(Jaakkola et al., 2019). Thus, bearing in mind that physical 
education lessons were one of the main and most physical 
activity-enhancing measures during the COVID-19 pan- 
demic, we would like to emphasise the importance of these 
lessons and their proper organisation. 

Thirdly, our study data suggested that the levels of 
students’ physical activity after school, in spare time, or at 
weekends were low; the lowest activity level was estimated 
during the breaks between lessons. This means that even 
after spending all day sitting at a computer during distance 
learning, the students were not inclined to become more 
physically active on their own during the breaks. This identi- 
fied trend is confirmed by the data collected by other scien- 
tists. For instance, Tassitano et al. (2020) argue that schools, 
where students spend hours each day, offer too little physical 
activity, especially moderate-to-vigorous physical activity. 
In this regard, it is justified to recommend that schools offer 
opportunities to be physically active before, during, and after 
the school day. 

Finally, the fact that physical activity was important 
and significant for students’ learning during the COVID-19 
pandemic period was also demonstrated by the regression 
analysis of the data collected in our study. Physical activity 
proved to be one of the predictors for behavioural engage- 
ment. This is a very important finding of the study, which 
again demonstrates the role of physical activity in student 
learning and encourages further research into physical activ- 
ity and its links to the learning process. On the other hand, 
we would like to draw special attention to students who are 
from low-SES backgrounds, as their achievements may be 
significantly more negatively affected by COVID-19 pan- 
demic learning conditions compared with other students 
(Renaissance Learning & Education Policy Institute, 2021). 
The data of our study suggest that physical activity for these 
students (both boys and girls) would help to improve their 
behavioural engagement and learning outcomes. According 
to other studies, physical activity and academic outcomes are 
positively correlated in children from poorer backgrounds 
(Efrat, 2011). Physically active students are more engaged 
with their classroom lessons (Zan, 2013) and this increased 
engagement is a possible mechanism by which students’ 
physical activity could have a positive influence on their 
academic achievement. 


Conclusions 


Due to the changed learning conditions during the CO- 
VID-19 pandemic, it is critical to explore the factors that 
have influenced student learning processes and outcomes. 
The findings of our study demonstrated that during this 
period physical activity was a predictor with a significant 
moderate effect on behavioural engagement. It was also de- 
termined that during the pandemic, the physical activity of 
students was low, and its highest levels depended mostly 
on obligatory physical education classes at school. We dare 
to claim that these are significant research findings that 


emphasise the benefits of physical education lessons and the 
importance of physical activity to the learning process. 
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3HAYEHHA OI3U4HO! AKTMBHOCTI YYHIB AIA IXHbO! 3AJIYYEHOCTI 
40 HABYAJIbHO! AIASIbHOCTI MIA YAC NAHZEMII COVID-19 


Erne Kemepnte-IBanayckene'“®”*, Arne Bpanjicayckene'®”, 


lOparte Lecnapinene'®”, Aycpa JJayripnene’*®? 
"Yuipepcutet Biropra Benmkoro 


Axstopcpknit Bkiag: A - qu3aiiH pocmippKenua; B - 36ip faux; C - craranamis; D - nigzrotoBKa pykxonncy; E - 36ip komTis 


Pedepart. Crarra: 8 c., 6 Ta67., 40 ypKepen. 


Mera joctigaKenua. Lle JoctiypKeHHA Mae Ha MeTi 3’ ACYBATH, HaCKiIbKU Pi3M4Ha AKTMBHICTb YUHIB € Ba%KIMBOIO [1A IXHbOI 
3aJlyYeHOCTi JO HaBYa/IbHOLO MIpouecy. 

Martepiamm Ta Metogu. Bubipxy focnigoKeHHA cKianM 202 yuHi 7-10 kmaciB. 36ip qaHux NpoBogMaU B TpaBHi 2021 poky. 
YuacHMku JOCHiPKeHHA 3allOBHMIM AHOHIMHY aHKeTy Ha OHNaMH-narpopMi. Crangapru30Banui OnntTyBasbHnk is disu4HoOi 
aKTUBHOCTI AVIA HiiTKiB i cransapTusoBany Ikany 3anydeHocTi yYHiB BUKOPUCTOBYBAaIIM [VIA OWHKM piBHiB Pi3sM4HOi akKTMB- 
HOCTi MU EMOWIMHO! Ta NOBEAIHKOBO! 3ay4eHOCTi. 

Pesynpratn. PesyibTaTn JOciis>KeHHA NOKasalU, WO Pi3M4Ha aKTMBHICTS YIHIB 3a1OKMTd Bi] Wacy, AKMM BOHM 3aliMasIMca 
disuvinuMu BupaBamn. Halisnuyun pipenb Pi3sm4Hoi aKTMBHOCTI OyB Ha 3aHATTAX i3 Pi3M4HOrO BUXOBaHHA. BusHadeHo CTaTMc- 
TMYHO 3Hatyy pisHuuio B apeKTUBHIM Ta NOBePIHKOBIN 3amy4eHOcTi XNONUiB i FiByaT. CepesHE 3HaYeHHA JIA TiByatT Oy710 BU- 
WIMM, HDK CepeqHe 3HadeHHA JA xomMiB. Tako BUAB/ICHO CTATUCTMUHO 3Hadyy pi3HM10 B MOBePiHKOBIM 3alydeHOCTi Y4HIB 
9-x i 10-x KnaciB: yaHi 9-x KiaciB Oymn OinpuI 3anyueHuMN, HiK yaHi 10-x KmaciB. MHoxuHHM minitHMM perpecituun ananis 
IIpOeMOHCTpyBaB, WO cTaTb (6 = 0,332, p < 0,0001) i dismana akTuBHicTD (6 = 0,323, p < 0,0001) ax mpequKTOpy Man 3Ha4yuIni 
MOMIpHMM BIVIMB Ha WOBeJIHKOBY 3a/ly4eHicTb. 

Bucuosku. Pesybraty AOCMiPKeHHA MOKa3yIOTb, WO XOYa Pi3M4Ha AKTMBHICTb CTYJeHTIB Oya HU3bKOIO IpOTATOM Nepiogy 
maHgemii COVID-19, ye anmuye (cbism4Ha akTUBHICTD) BCe Le 3aIMMIaeTbCA IpeMKTOPOM, AKUM Mae 3Ha4 yi MOMipHUM BIIMB 
Ha MoBeqiHKOBy 3ayyeHicTb. Takox yCTaHOBMeHO, WO Tif, Yac NaH eMii HaMBUIMM piBeHb Pi3sM4HOI AKTMBHOCTI YIHiB 3aexKaB 
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3neOibUIOrO Bi, OOOB A3KOBUX ypOKiB PisMIHOTO BUXOBaHHA. TakKMM YMHOM, 3 OL/LAy Ha Te, WO ypoKu Pisn4HOTO BUXOBaHHA 
6ymm OCHOBHMMM 3ax0qaMu TigBMUjeHHA (Ppi3M4HOI AKTMBHOCTI, XOYeMO TiKPeCAMTU BAKAMBICTh UMX ypOKiB i ix NpaBubHy 
opraHisatino. 
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Abstract 


Study purpose. The research aimed to study the effects of tai chi and resistance band training on elderly’s balance and 


strength. 


Materials and methods. The participants were 40 elderly females aged 62 to 76. They were selected by systematic 
random sampling, using balance score as the criterion. They were divided into two equal groups of 20 people each, 
namely, the Tai Chi and resistance band training (TCR) experimental group was trained for 8 weeks, 3 days a week 
for 60 minutes each day, and the control group (C) was not trained. The participants volunteered to sign the consent 
forms to participate in this research. Quantitative data was collected by measuring balance, hand muscle strength, 
and leg muscle strength. Qualitative data was collected via interviews and participant observation. 

Results. The research found that (1) balance, hand muscle strength, and leg muscle strength were no different 
before the training. Post-training of Tai Chi and resistance band trainings (TCR) of the 4th and the 8th weeks, the 
experimental group had the mean of balance, hand muscle strength, and leg muscle strength better than the pre- 
training and the differences between the experimental group and the control group were statistically significant 
(p<0.05). (2) The experimental group had balance, strength, good flexibility, relaxed body and good mental health. 
Conclusions. As regards the benefits to the physical fitness, tai chi and resistance band training (TCR) and 
combination exercise improve balance, hand muscle strength and leg muscle strength. This makes the elderly have 


good health and physical fitness. 


Keywords: tai chi, resistance band training, balance, strength, elderly. 


Introduction 


Globally, the old people population continues to in- 
crease, and their health problems become a big issue as 
a result (Choi et al., 2011; Sun-Young & Yun-Hee, 2021). 
The ole people gradually wenken their muscle strength and 
muscle tone due to aging, and their muscle mass and basal 
metabolic rate decrease (Bechshoft et al., 2016; Brown et al., 
2000). May reduce their ability to perform daily activities, 
resulting in health problems (Scott et al., 2015). Whereas 
the habit of exercising on a regular basis prevents aging and 
increases physical strength, thus reducing the incidence of 
disease (Ngandu et al., 2015). It also has a positive effect on 
the physical and mental health of the old people, such as 


© Nontakhod, K., Chuaibunchum, J., Choktawee Klaharn, 
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preventing chronic diseases, improving physical function, 
increasing muscle strength, reducing depression, and reliev- 
ing stress (Graham & Reid, 2000; Hicks et al., 2003; Sang- 
Wan & Ji- Youn, 2020). Therefore exercise is necessary for the 
health and physical fitness of the elderly. 

Exercise is essential for active healthy aging without 
functional impairment (Van Roie et al., 2010; Sun-Young 
& Yun-Hee, 2021) and contributes to improving quality of 
life (Acree et al., 2006; Atlantis et al., 2004; Daskapan et al., 
2005). Tai Chi Chuan is a valuable exercise for the older 
adults (Lida et al., 2018). This type of exercise is a traditional 
Chinese exercise, consisting of isometric, aerobic, isotonic, 
and meditative movements (Larkey et al., 2009; Tsang et al., 
2003). It may result in improved trunk strength and move- 
ment abilities in the elderly (Wolf et al., 1996; Klarod et al., 
2020). Tai Chi Chuan is effective in preventing falls and 
improving balance, muscle strength, proprioception, and 
endurance in older adults (Hu et al., 2016; Lan et al., 2013; 
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Logghe et al., 2010) help in the development of proper body 
posture control (Vikas et al., 2022; Nontakhod et al., 2022). 

Resistance training is an effective exercise modality for 
increasing muscle strength and mass, which are important 
components of fitness and health (Bird et al., 2005; Winett 
& Carpinelli, 2001; Daniel, 2020). Incorporating resistance 
training as part of a preventive exercise program can im- 
prove flexibility, balance (Lopes et al., 2019), muscle strength 
(Kim et al., 2021), and functional capacity in older adults 
(de Oliveira et al., 2017; Minjoon et al., 2022). 

However, in Southeast Asia little is known about the 
combination of Tai Chi and resistance training. This is be- 
cause balance and strength play an important role in daily 
activities of the elderly. Therefore it is necessary to sum- 
marize current knowledge on this topic. As a guideline for 
maintaining the health and physical fitness of the elderly to 
have a good quality of life. 


Materials and methods 


Study participants 


The participant were 40 elderly females, aged between 
62-76 years old. They were selected by systematic random sam- 
pling, using balance score as the criterion. It was divided into 
two equal groups of 20 people each, the Tai Chi and resistance 
band training experimental group was trained for 8 weeks, 
3 days a week for 60 minutes each day, and the control group 
was not trained. Quantitative data was collected by balance 
measure, hands muscle strength, and legs muscle strength. 
Qualitative data was collected via interviews and participant 
observation. The eligible criteria of research participations 
(1) The elderly aged between 62-76 years or over, be eligible 
to participate throughout the data collection. (2) There were 
no underlying or chronic diseases that hindered Tai Chi and 
resistance band training. The eligible criteria of research par- 
ticipations were not selected (1) The samples got injured and 
ill, they couldn't participate in the training/absence more than 
3 times. (2) The samples requested to withdraw and didn't 
want to join in the training for a specified time. 


Study organization 


Researchers collected data by defining the samples to 
Tai Chi and resistance band training (TCR), 3 days a week, 
60 minutes a day for 8 weeks to perform a balance testing 
(Osness Test), hands muscle strength (Arm Curl Test), and 
legs muscle strength (30-Second Chair Stand) of pre-train- 
ing, post-training of the 4” and the 8 week. Qualitative data 
were collected via semi-structured interviews and partici- 
pant observation. 


Statistical analysis 


Quantitative data analysis was performed by testing the 
difference of the mean balance, hands muscle strength, and 
legs muscle strength. Data were analysed by the different tests 
of the pre-training, post-training for the 4" and 8" weeks of 
the samples, it was analysed by one-way repeated measures 
ANOVA, comparison of differences in pairs of the mean of 
each repeated measures. Qualitative data were collected via 
semi-structured interviews and participant observation. 


Results 


The research found that following, (1) Balnace, hand 
muscle strength, leg muscle strength before the training was 
no different. Post-training of Tai Chi and resistance band 
trainings of the 4" and the 8" weeks, the experimental group 
had the mean of balance, hands muscle strength, legs muscle 
strength better than the pre-training and the control group 
were the statistically significant p < 0.05. difference at 0.05. 
(2) The experimental group had balance, strength, good flex- 
ibility, relax body and good mental health. 

Table 1, it could be summarized that the participant 
were named pseudonym TY.1 (means the sample 1) aged 
between 62-76 years, mean age was 68.2 years, weight was 
54.5 kg, height was 151.7 cm., body mass index (BMI) was 
23.66, health problems were joint pain and body aches. 


Table 1. Characteristics of the participant 


erie Age Weight Height BMI Health Problems 
TY.1 71 40 150 17.77 Backache 
T.Y.2 68 43 144 20.73 Shoulder pain 
T.Y3 72 45 145 21.40 Frozen shoulder 
TY.4 64 51 160 19.92 Leg pain 
TY.5 63 55 149 24.77 Leg pain 
T.Y.6 75 57 159 22.54 Frozen shoulder 
T.Y.7 65 71 160 27.73 Backache 
TY.8 65 49 147 22.67 Backache 
T.Y.9 63 51 156 20.95 Waist pain 
T.Y.10 75 49 146 22.98 Knee pain 
T.Y.11 72 60 156 25.96 Knee pain 
T.Y.12 68 55 152 23.80 Frozen shoulder 
T.Y.13 60 71 163 26.73 Knee pain 
T.Y.14 68 61 155 23.39 Leg pain 
TY15 65 66 153 27.76 Hip pain 
T.Y.16 70 59 151 25.87 Shoulder pain 
T.Y.17 74 44 143 21.51 Shoulder pain 
T.Y.18 63 64 146 29.55 Leg pain 
T.Y.19 69 52 149 23.41 Leg pain 
TY. 20 74 49 151 22.71 Leg pain 

xX 68.2 54.5 151.7 23.66 


Table 2. Summary of findings 


The benefits of tai chi and resistance band training 
1. Improved strength and balance 
2. Good flexibility 


Table 2, could be summarized as follows; 1) More bal- 
ance and strength 2) Good flexibility. 

The interview and observation could be described as 
following. 


a1 
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More good balance and strength 


Tai Chi and resistance band training are the movement 
of the exercises of the core muscles that take a long time to 
move and must maintain balance while stillness or move- 
ment. When training Tai Chi and resistance band will affect 
more balance and strength, as the sample TY.2 said that “In 
the past, there was no much strength, easily tried, after train- 
ing, I was strong” in accordance with TY.9 said that “In the 
past, I couldn’t walk for a long time, hands pain, legs pain, 
maybe there was a stagger. But it’s okay now, I don't feel tired, 
get stronger, whenever I walk it balances”. Likewise, TY.11 
stated that “When I trained Tai Chi and resistance band, it 
was comfortable to walk like stronger muscles. I dort feel 
tired like the past” TY.12 supported that “In the past, each 
work was easy to get tired, not much energy, but when I of- 
ten get training, I don't feel tired. Maybe my children have to 
tell me to take a break”. TY.15 summarized that “In the past, 
I went to buy my stuff, I had to stop several times, sometimes 
I staggered, arms and legs are powerless, it was difficult to 
walk. After I trained Tai Chi and the resistance band I could 
walk comfortably, no stagger anymore. I don’t even know 
where to walk without concentration”. 


Good flexibility 


Tai Chi training is a continuous movement of the body. 
This makes muscles and joints moves in more angles and di- 
rections, whereas resistance band training improves muscles 
and joints stronger. As the sample TY.7 said that “First, the 
muscles and bones didn’t stretch, didn’t lift it up, later the 
post-training made me better”. TY.8 supported that “Firstly, 
I couldn't stand up, but when I often trained Tai Chi and 
resistance band, I could lift it up the hands and legs easily”. 
TY.16 summarized that Tai Chi and resistance band train- 
ing, firstly, have not been done by me before, hands and leg 
couldn't lift it up, the post-training later could be done by me 
easily, it was very comfortable to stand up”. It was consistent 
with the observation that was found that the samples trained 
Tai Chi and the resistance band improved more flexibility 
such as both hands put down in the land, and the resistance 
band training improved the upper arms and lower muscles 
groups. 

Quantitative data analysis was performed by testing 
the difference of the mean balance, hands muscle strength, 
and legs muscle strength. Data were analysed by the differ- 
ent tests of the pre-training, post-training for the 4" and 8" 
weeks of the samples, it was analysed by one-way repeated 
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Fig. 1. Comparison results of the mean age, weight 
of the control and experimental group. 


measures ANOVA, comparison of differences in pairs of the 
mean of each repeated measures. 

Figure 1 shows the comparison results of the mean age, 
weight of the control and experimental group. Mean + Stan- 
dard Deviation. The mean difference was ststistically signifi- 
cant between the groups, p < 0.05%. The mean was statisti- 
cally different within the group, p < 0.05* 

Figure 2 shows the comparative results of the average 
balance before training. After the 4° week of training and 
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Fig. 2. Comparison of the averge balance before training. After 


the 4th week of training and after the 8th week of the control and 
experimental groups (p < 0.05”). 


after the 8" week of the control group and the experimental 
group. Mean + Standard Deviation. The mean difference was 
statistically significant between the groups, p < 0.05*. The 
mean was statistically different within the group, p < 0.05*. 
Figure 3 show the comparative of the average arm mus- 
cle strength before training. After the 4" week of training and 
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Fig. 3. Comparative of the average arm muscle strength before 
training. After the 4th week of training and after the 8th week of 
the control group and the experimental group (p < 0.05”). 
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Fig. 4. Comparative results of the averge leg muscle strength 
before training. After the 4th week of training and after the 8th 
week of the control group and the experimental group (p < 0.05”). 
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Figure 4 show the comparative results of the averge leg 
muscle strength before training. After the 4° week of train- 
ing and after the 8" week of the control group and the ex- 
perimental group. Mean + Standard Deviation. The mean 
difference was statistically significant between the groups, 
p < 0.05*. The mean was statistically different within the 
group, p < 0.05”. 


Discussion 


This study demonstrated that the balance, hand muscle 
strength, leg muscle strength before training was no differ- 
ent. After the 4" and 8" weeks of training, participants in 
the TCR group showed balance, hand muscle strength, and 
strength. and leg muscle strength was significantly improved 
compared to the control group. Which could be attributed to 
the Tai Chi and resistance band training (TCR). In this study, 
including helping to relax and good mental health. This is 
consistent with the study by Nontakhod et al. (2022) the 
training of physical activity with Qi Gong and Ruesi Dadton 
(RSD) in conjunction with massage can increase balance. 
Arm and leg muscle strength. It was consistent with Nontak- 
hod et al. (2021) who found that the physical activities such 
as Qigong, Yoga and stretching could have a positive impact 
on health. That is the person would have 1) good health in- 
cluding good balance, flexibility, improved breath, reduced 
arches; 2) good health; 3) more socialization and 4) bet- 
ter concentration. It was consistent with Chen et al. (2012) 
stated about the study of Tai Chi training in elderly with 
visual impairment. It was found that the elderly were able 
to stabilize more. Make the elderly not fall easily It can help 
improve balance in older people. Another study on physical 
activities to elderly that found qigong training combined 
with yoga had a positive effect on the health of the elderly. 
Improve the overall physical, mental, social and intellectual 
health of the elderly. and reduce the fear of falling due to 
strong legs and good balance (Saetae et al., 2018) Consis- 
tent with Thaiprasert et al., (2019) said that Yoga training 
and nine square tables made the elderly healthy, physically, 
mentally. Socially, and memory, the fear was reduced due 
to having a good balance. The favorable effects of Qigong 
training on strengths are consistent with previous studies 
demonstrating significant improvements of knee extension 
strength after Tai chi training in elderly subjects (Christou 
et al., 2003; Lan et al., 2000; Song et al., 2014; Wolfson et al., 
1996; Klarod et al., 2020). In terms of muscle strength, par- 
ticipants in the TCR group Meanwhile tai chi and resistance 
band training (TCR) from this training. The use of elastic 
bands to provide resistance during exercise for older adults, 
is considered safe and pratical (Hofmann et al., 2016; Rahim 
et al., 2021). The effectiveness of elastic bands in resistance 
training was proven to lead to a significant improvement in 
lower limb function, especially leg strength (Motalebi et al., 
2018). This is consistent with the study by Minjoon et al., 
(2022) sais that an elongation band (EB) is used to improve 
the physical strength of older adults. In conclusion, EB ex- 
ercises increased upper limb muscle strength, shoulder joint 
range of motion, and grip strength in older adults. It was 
consistent with Krabuanrat and Supaporn (2014) said that 
the exercise with the resistance band with nine square and 
stretching activities (RMS) improved good health. In ad- 
dition, physical activities from tai chi, chiqong and yoga 


can help seniors gain strength and balance. can adjust the 
balance and reduce the fear of falling (Kim et al., 2014; Sae- 
tae & Supaporn. 2016). Including sensation of physical and 
psychological relaxtion (Miller & Taylor-Piliac, 2014; Zhao 
et al., 2017; Lida et al., 2018). 


Conclusions 


Tai Chi and resistance band training (TCR) application 
and combination forms of physical activity, to development 
balance hands muscle strength and legs muscle strength, this 
makes the elderly have better health than Tai Chi Training 
alone. Tai Chi and resistance band training is considerd as 
an alternative activity suitable for physical conditions for the 
elderly to have good health and physical fitness. 
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BIJIMB 3AHATb TAMLI3U TA TPEHYBAHb 3 ECNAHZEPOM 
HA PIBHOBATY TA CWJIY JIIOMQEU NOXUJIOLO BIKY 


Kpirmey Houtaxxoy’“©"¥, Epapat Uyaid6ynuym'®”, Yoxrase Kiaxapu!?, 
Herinxo Ixyucanr'®? 


'Yuipepcutet bypipam Paypxa6xat 


Axstopcepknii Bknag: A — qu3aiiH qocmippKenua; B - 36ip qanmx; C - craranamis; D - nigzrotoBKa pyxonncy; E - 36ip komTis 


Pedepat. Crarra: 7 c., 2 ra6m., 4 puc., 51 ppKkepeno. 


Mera jocnip>xKenna. J[ociis>KeHHA MaJIO Ha MeTi BABYUTM BIVIMB 3aHATb TAaM3M Ta TPeHyBaHb 3 eClaH/IepOM Ha piBHOBary 
Ta Culy MiTHix 7H07en. 

Matepiamn Ta Metoqn. YuacHuyamu foctipxKenua 6ynu 40 mirHix xKiHOK BikoM Big 62 Wo 76 poxis. Bonu 6ymu BizibpaHi 
WWIAXOM CUCTeMaTMYHOi BUTAKOBOI BUOIpKU 3a KptTepiem oniHKU piBHoBarn. Ix posginuan Ha Bi piBHi rpynM M0 20 oci6 y KoxK- 
Hill, a CaMe: EKCIepMMeHTasIbHy rpylly 3 Talu3u Ta TpeHyBaHHAMM 3 ecllaHsepom (TCR) tpexyBarn npoTarom 8 TYDKHiB, 3 Hi Ha 
TMK eH 10 60 XBUMH KOXKHOYLO JHA, a KOHTPOMIbHY rpyty (C) He TpenyBamu. YuacHuui sromocuanca nignucarn PopMu 3ronn 
Ha ydacTb y UbOMy AOcmis>KeHHi. KinpKicui Jani 30upamM WWIAXOM BMMip1oBaHHA PiBHOBArM, CMI M’A3iB pyK i M’A3iB Hir. AKicHi 
navi 30upamM WWIAXOM iHTepB 10 Ta CHOCTepexKeHHA 3a yYaCHULAMM. 

Pesyapratn. Jlocnis>KeHHA 10Ka3as0, Wo (1) piBHoBara, cuia M’A3iB pyK i M’A3iB Hir He BiApisHAMcA JO TpeHyBaHHa. Iicna 
TPeHYBaHHA Taliu3u Ta TpeHyBaHHA 3 eciiaHjepoM (TCR) Ha 4-my Ta 8-My TDKHAX eKCHepMMeHTasIbHa [pylia Masia CepesHE 3Ha- 
YeHHA PiBHOBAarH, CMM M’A3iB PyK Ta CMM M’ASiB HIF Kpalije, HK Hepes] TpeHyBaHHAM, i BiNMiHHOCTi MK EKCIIepwMeHTAa/IbHOIO 
Ta KOHTPO/IbHOW rpynamMu Oy crarucTM4HO 3HayyuMMn (p<0,05). (2) ExcnepumMentasbua rpynia Masia pipHoBary, cuy, rapHy 
THYYKiCTb, posciabmeHe TiO Ta rapHe Hcuxi4dHe 3,0poB’A. 

Bucuosku. Io crocyerbca Kopucri A714 PisM4HO! POpMN, 3aHATTA TaM3u Ta TpeHyBaHHA 3 eclaHpepom (TCR) i komOixo- 
BaHi BIIpaBM MOKpalllyiOTb piBHOBAary, CMIy M’A3iB Pyk i M’A3iB Hil. 3aBAAKM IbOMY JO1M MOXMI0FO BiKy MalOTb MiljHe 3OpoB A 
Ta rapuy dismuny Popmy. 

Kyarouosi cosa: Taiilj3u, TpeHyBaHHA 3 eCllaHJJepOM, PiBHoBara, CMa, JO] WOXWJIOFO Biky. 
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Abstract 


Study purpose. Physical education, sports and health for elementary school students are oriented to learning 
locomotor movements, so learning these skills requires fun activities, such as games. This research aims to develop a 
basic locomotor learning model based on a small game competition for elementary school students. 

Materials and methods. This study used a research and development approach using ADDIE model. This research 
was carried out in three elementary schools, namely: Elementary school 22 Gelumbang, Elementary school 11 
Gelumbang and Elementary school 2 Lembak. Data were collected using observation, interview, questionnaire, 

and test. The questionnaire instrument used in this study was the Guttman scale questionnaire because of using the 
Guttman scale. Expert judgments were used to analyze the product. 

Results. The model can be applied in all elementary schools in the territory of Indonesia because product 
development has referred to competencies and learning outcomes in the 2013 curriculum. There are four types of 


games that have been developed for learning locomotor skills, namely 1) jump rope game, 2) watch out for crocodiles, 
3) continuous running game, and 4) box jump game. Each game has different locomotor skill movements, including 
walk, run, slide, leap, gallop, skip, jump, and hop. Based on the effectiveness aspect, the results of the product trial 
show that the ‘wary crocodile game’ is a game that is in great demand and favored by students. 

Conclusions. The locomotor skills learning model for elementary school students based on small game competitions 
has been feasible and effective for use in sports and health physical education classes. This model can also be applied 
in all elementary schools in the territory of Indonesia because product development has referred to competencies and 


learning outcomes in the 2013 curriculum. 


Keywords: basic locomotor, elementary school, learning model, small games. 


Introduction 


Physical education is an important part of the overall 
education system. Physical education is a medium to en- 
courage the development of motor skills (basic movements), 
physical abilities, knowledge, reasoning, appreciation of val- 
ues (attitude, mental, emotional, and social), and habituation 
of healthy lifestyles that lead to increased balanced growth. 
and development (Young et al., 2021; Carson Sackett & Ed- 
wards, 2019). In developing concepts with various teaching 
methods, the material is given during physical education 
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learning (Hartati et al., 2019). Physical education is the oc- 
currence of learning through physical activity by designing 
so that physical fitness, knowledge, healthy living behaviour, 
being active, sportsmanship, emotional intelligence, devel- 
opment skills and motor skills can be improved (Silva et al., 
2019). Physical education learning at the education level is 
found in elementary schools, junior high schools, and high 
schools (Montero-Carretero & Cervelld, 2020). 

Physical education material contained in elementary 
schools is about learning basic movements. Regulation of the 
Minister of Education and Number 67 of 2013 concerning 
the Basic Framework and Curriculum Structure of Elemen- 
tary Schools/Madrasah Ibtidaiyah states that one of the char- 
acteristics of the curriculum is designed to develop attitudes 
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(affective), knowledge (cognitive) and skills (psychomotor) and 
their application in various situations in schools and schools. 
school. Public. The structure and curriculum of physical educa- 
tion in sports and health in existing primary schools have the 
characteristics of basic technical skills from various sports. 
The 2013 curriculum at the elementary school level is 
used thematically integratively for learning physical educa- 
tion subjects (Hartati et al., 2018). The basic technical skills of 
this sport will be mastered by students if they have mastered 
the basic movement skills first. Motor skills are a process of 
developing a person's ability to move which is controlled by 
the brain through the interaction of various parts and systems 
in the body (Ayubi & Komaini, 2021) Basic movements are 
skills that involve the brain, muscle strength involving the 
arms and legs that are used to achieve an exercise or move- 
ment, such as throwing a ball, visiting, or jumping through air 
movements, or maintaining balance (Komaini et al., 2021). 
Motor skills are divided into two, namely fine motor skills and 
gross motor skills. Through various activities including motor 
skills, physical education learning in elementary schools will 
train children to learn various movement skills in the form of 
games, athletics, and gymnastics (Dapp et al., 2021). 
Elementary school 22 Gelumbang has implemented 
the 2013 curriculum, therefore researchers analyzed core 
competencies and basic competencies. After that, analyze 
student needs, student characteristics, and facilities to sup- 
port the learning process in Physical Education subjects. The 
results of the preliminary analysis are the observations of re- 
searchers in the field during the physical education learning 
process, learning basic locomotor movements in fifth-grade 
students still uses the teacher method (theory) and demon- 
stration (practice). After that, the researcher conducted an 
interview with one of the physical education subject teach- 
ers at Elementary school 22 Gelumbang, the information 
on learning problems obtained by the researcher included: 
(1) the teacher’s inability to explain basic movement materi- 
al, especially locomotor basic movements (2) the inability of 
students to accept learning material basic locomotor move- 
ments (3) students prefer to play rather than pay attention to 
the teacher’s explanation. Most students do not like the basic 
locomotor movement material, because the characteristics of 
elementary school children prefer to play and move actively. 
Reviana et al., (2021) in their journal has the same prob- 
lem, namely, students do not like learning basic movements 
because they feel bored with the applied learning model. 
In line with research by Hernawan et al. (2019) in his re- 
search to overcome this problem, the researcher used the 
development of a locomotor basic movement learning mod- 
el for elementary school students using PACEF (Produc- 
tive, Active, Creative, Effective and Fun). For elementary 
school students, mastery of locomotor skills can also be done 
through throwing and catching activities (Jaakkola et al., 
2019). In addition, physical activity such as aerobic fitness 
exercise can be used as a medium to improve the basic motor 
skills of elementary school students (de Bruijn et al., 2019; 
Grissmer, Grimm, Aiyer, Murrah, & Steele, 2010; Logan, 
Kipling Webster, Getchell, Pfeiffer, & Robinson, 2015). 
Various studies have shown that basic movement skills 
competence and moderate to vigorous physical activity are 
opportunities for locomotor movement skills (Cohen, Mor- 
gan, Plotnikoff, Callister, & Lubans, 2014; Han, Fu, Cobley, 
& Sanders, 2018; Webster, Martin, & Staiano, 2019). Because 


children who cannot master FMS are more likely to experi- 
ence failure in the motor domain movement in games and 
sports is also impaired (Hardy, King, Farrell, Macniven, & 
Howlett, 2010; Bryant, Duncan, & Birch, 2014; Shams, Har- 
dy, Vameghi, Loovis, & Shamsipour Dehkordi, 2021). In ad- 
dition, FMS is the basis of early motor markers, especially for 
autism spectrum disorders (Gandotra et al., 2020) 

From previous research, it is illustrated that locomotor skills 
can be trained with various physical activities. One of the ac- 
tivities that can provide fun stimulation for children to practice 
their locomotor skills is games. This is the gap to be presented 
in this game. Games (small games competitions) for the devel- 
opment of learning models for students’ basic locomotor skills 
in elementary schools. The design of this learning model was de- 
veloped by the 2013 Curriculum Basic Competencies in sports 
and health physical education lessons for elementary school stu- 
dents. The design of this model is also a new approach to loco- 
motor skills activities. While the basic reason for implementing 
this research is the need for the development of learning models 
for basic locomotor skills by the use of the curriculum, student 
backgrounds, and learning needs by current scientific develop- 
ments in the field of physical education and sports. 

Thus, the purpose of this study was to develop a basic 
locomotor learning model based on small game competitions 
for elementary school students. The development of this learn- 
ing model is expected to be a good, effective, fun learning, and 
make students more active in the teaching and learning pro- 
cess of basic movements to achieve physical education learn- 
ing objectives. In addition, this model also allows students to 
receive basic locomotor movement learning with a new model 
and by student characteristics, namely, students love to move 
and play. This means that playing activities become physical 
learning. Teachers and students are expected to be motivated 
to learn the basic locomotor movements taught by the teacher 
which can have an impact on improving motor skills. 


Materials and methods 


This study used a research and development approach. 
It is used to produce certain products and tests their 
effectiveness these products (Creswell, 2012; Gall et al., 
2010). It is used to create a new model for locomotor skills 
learning using small games competition. This research was 
carried out in three elementary schools, namely: Elementary 
school 22 Gelumbang, Elementary school 11 Gelumbang and 
Elementary school 2 Lembak. This study used the ADDIE 
model (Branch, 2010). The stages of the ADDIE model to 
develop a small game competition-based locomotor skills 
learning model are described as follows. 


Stage 1: Analysis is used to 
identify the situation and 
needs of the locomotor skills 
learning model using a small 
game competition 


f 


| Analyze | Design | Development ) 


Stage 4: 
Implementation is used 
for product trials in 
small and large groups. 


Stage 3: Product 
development is used to 
assess the product by 
experts as an initial 
assessment stage 


Stage 5: Evaluation 
is used to assess the 
product by expert in 
order to get the final 
model 


Stage 2: Design 
the learning 
model of 
locomotor skills 


Fig. 1. The Steps of research adapted from the ADDIE model 
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Table 1. Dimension Movement for Basic Locomotor Skill Instrument 


Locomotor Skills Indicators 
Walk ‘The eyes view are straight forward, the hands are swinging back and forth, the body position is upright, and the 
feet move forward alternately 
R Straight forward view, relaxed body position and leaning forward, hands swing back and forth alternately, knee 
ve position raised with both feet moved quickly and flying towards the front. 
Slide The body moves sideways, the eyes look horizontally, the arms move following the movement of the body, and the 
legs are not crossed 
Both legs are raised, moving forward alternately for several steps and then jumping and preceded landing on one 
Leap 1 ‘ catne handetallowiae bod : : 
eg, swinging hands following body movements, and straight eyesight. 
In a straightforward view, the position of the foot is lifted alternately and moves forward, relaxing the body, the 
Gallop ne 
position of the hand follows body movements 
3 The feet jump alternately (up and down), the position of the body upright moves to float, a straightforward view, 
Skip : ; 
and the hand swings following the body movements. 
rat The position of the body is lifted and moves from one place to another place, hands are swinging forward following 
P body movements, feet are raised forward (down and up) quickly, and knees are bent when landing. 
Ho One of the legs is lifted alternately and moves forward, one hand straight up opposite the leg raised, body position 
P is upright, and when landing begins with one leg as a pedestal 
Participants 


The participants were students from three elementary 
schools was around 50 students and 10 teachers. Besides, the 
expert was learning media experts, curriculum experts, and 
locomotor and sports learning experts. 


Measures 


The data used in the study are 1) observation used for 
problem identification and to determine the effectiveness 
of product trials in the field. 2) Interviews were used to 
analyze students’ perceptions of the practicality of using a 
game-based locomotor motion learning model. 3) Ques- 
tionnaires are used to obtain an analysis of the needs of the 
basic locomotor movement model from students and teach- 
ers. Questionnaires were distributed to students (N=100) 
and teachers (N=10). The questionnaire was designed using 
a closed questionnaire type and participants had to choose 
the answers that had been provided related to the questions. 
The questionnaire instrument used in this study was the 
Guttman scale questionnaire because by using the Guttman 
scale the researchers got clear answers from students and 
teachers. Questionnaires were also used for product assess- 
ment by teachers. The model validation uses expert judg- 
ment consisting of learning media experts, curriculum ex- 
perts, and locomotor and sports learning experts. 4) The test 
is used to determine the increase in student locomotor skills 
learning activities before and after using a small game com- 
petition. Researchers use correlation tests to see the relation- 
ship between pretest and posttest during product testing. 
The questionnaire used to analyze the need for locomotor 
skills was distributed to 100 students and 10 physical educa- 
tion and sports teachers. The results of the needs analysis are 
presented in percentages. The following is the questionnaire 
of needs analysis of the locomotor skills model (Sari, 2019); 


Results 


Needs Analysis and Design 

In this initial product development stage, the researcher 
first analyzed the goals and practice of the product in the 
form of a small game aimed at training elementary school 


students’ basic movements. Then the researchers analyzed 
the character of the students, the target students were ele- 
mentary school children. In the analysis, elementary school- 
aged children are very happy to play, love to move, enjoy 
group activities, and enjoy hands-on practice. The main pur- 
pose of physical and health education is to increase life-long 
physical activity and encourage the physical, psychologi- 
cal and social development of students. The initial product 
developed by the researcher was a game to watch out for 
crocodiles, a continuous running game, a box jump game 
and a jump rope game. 

The result of locomotor skills learning needs for elemen- 
tary school students is explained in the following table 2. 

Table 2 shows that the small game competitions that 
students want and need in order are 1) jump rope game, 
2) watch out for crocodiles, 3) continuous running game, 
and 4) box jump game. Of the four games, there are eight 
basic locomotor skills required. Meanwhile, each small game 
competition has a different orientation of locomotor skills. 


Table 2. The Result of Needs Analysis 


Types of Competition Types of Locomotor Students Teacher _ 


Small Games Skill % % 
Watch out for Walk, Run, Slide, 
’ 77 90 
crocodiles Leap 
Continuous running Walle Run 65 70 


game 


Gallop, Skip, Jump, 


Box jump game Hop 60 70 
Walk, Run, Slide, 

Jump rope game Leap, Gallop, Skip, 90 90 
Jump, Hop 


Development, Implementation, and Evaluation of Product 

Researchers used a validation sheet that was used to as- 
sess whether the design of the locomotor basic movement 
learning model would be more effective than before or not. 
The results of the small game product assessment have an 
average of 80% with a “good” rating category. Based on this 
assessment, it can be concluded that the small game product 
is feasible and ready to be used in further research. In ad- 
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dition to the assessment, the validator also provides sug- 
gestions and comments regarding the small game product 
developed by the researcher. Suggestions and comments that 
are corrected by the validator will then be used as the basis 
for researchers to improve the product, to produce a product 
that is worthy of being tested at a later stage. The validator 
suggests that each game is equipped with media or facilities 
that can be obtained easily so that this game can also be 
played by students at home. 

Based on the results of the small group effectiveness 
test conducted on the fifth-grade students of Elementary 
school 22 Gelumbang, Elementary school 11 Gelumbang 
and Elementary school 2 Lembak, totalling 20 people, it can 
be seen that the small game product that the researcher de- 
veloped is quite effective for use in the physical education 
learning process in elementary schools. In the watch game, 
there is a crocodile, there is a 50% increase in the results of 
the pretest and post-test differences, then in the continuous 
running game there is a 70% increase in the results of the 
pretest and post-test differences, then in the box jump game 
there is a 30% increase in the results of the pretest and post- 
test differences, and finally, in the jump rope game, an 80% 
increase was seen from the difference between pretest and 
posttest. After conducting a small group effectiveness test, 
the researchers then conducted a large group test. 

Based on the results of the large group effectiveness test 
conducted on the fifth-grade students of Elementary school 
22 Gelumbang, Elementary school 11 Gelumbang and Ele- 
mentary school 2 Lembak, totalling 50 people, it can be seen 
that the small game product that the researcher developed is 
considered effective for use in the physical education learn- 
ing process in elementary schools. In the watch game, there 
are crocodiles, there is a 60% increase in the results of the 
pretest and post-test differences, then in the continuous run- 
ning game there is a 60% increase in the results of the pretest 
and post-test differences, then in the box jump game there is 
a 42.4% increase in the results of the pretest and posttest dif- 
ferences, and finally, in the jump rope game, there was a 35% 
increase from the difference between pretest and posttest. 

The following is the final learning model of locomotor 
skills using competition small games. 


Discussion 


The locomotor basic movement learning model is based 
on small game competition in small and large group trials, 


1. The goal for each game 
2. Preparing the material and 
media 


j 3. Deli th 1 
Watch out Continuous jelivery the goal 


4. Dividing students into 


for running 
crocodiles 


several group (students’ 
ability) 
5. Giving 


game 


students the 


: instruction of small games 
Box jump 
game 


Jump rope 


and example of locomotor 
game 


movement 


Walk, Run, Slide, 6. Evaluation the games 
Leap, Gallop, Skip, 


Jump, Hop 7. Giving awards to the 


group that managed to win 


in the game 


Fig. 2. Syntax of Small Games Competition for Locomotor Skills 
Learning Model 


and peer assessment and the experts show the valid model. 
The results of the assessment of game product drafts in small 
group trials and expert validators obtained an average per- 
centage of 86%. The validation results that have been as- 
sessed by the validator (learning media experts, curriculum 
experts, and locomotor and sports learning experts) and 
small game-based locomotor basic movement learning are 
included in the good or valid category and can be contin- 
ued for small group trials. Validation is considered fulfilled 
if the instrument has been designed well, and the validation 
is tested by experts (Faizah et al., 2019). 

Based on the results of the small group effectiveness test, 
it can be seen that the small game product that the researcher 
developed is considered effective for use in the physical edu- 
cation learning process in elementary schools. In the watch 
out for crocodiles game, there is a 50% increase in the results 
of the pretest and post-test, then in the continuous running 
game there is a 70% increase in the results of the pretest and 
post-test differences, then in the box jump game there is a 
30% increase in the results of the pretest and posttest dif- 
ferences, and finally in the jump rope game showed an 80% 
increase from the difference between pretest and posttest. 

The results of the research conducted are in line with 
previous research conducted by Reviana et al. (2021), this 
research has problems in following the learning process be- 
cause they admit to being bored with physical education 
lessons so that students have difficulty in improving basic 
movement skills. The purpose of holding this research is 
to solve the problem by applying an interesting learning 
method for students, namely using the play method. This 
research provides a solution to the problem of boredom in 
the learning process and improves the quality of learning 
to achieve learning objectives. This research is in line with 
research conducted by Harvey et al. (2021) in his research, 
who tried to develop a game-based skill learning model for 
elementary school children. Research from Hanief (2021) 
forms the basic movements of elementary school students 
in the form of clogs, Sodor carts, and forts that have a close 
relationship with the intellectual, social, and character devel- 
opment of children. 

The results of the assessment of the product draft of de- 
veloping a small game-based locomotor basic motion learn- 
ing model for large group trials from the validation of ex- 
perts obtained an average percentage score of 88%. It means 
the accuracy of a test tool or scale in carrying out its mea- 
surement function (Rodriguez Mantilla & Fernandez Diaz, 
2015). The product draft of the locomotor basic movement 
learning model based on small games has been validated and 
revised by an expert validator, so a large group trial is carried 
out in elementary schools. Based on the results of the large 
group effectiveness test, it can be seen that the product is 
considered effective for use in the physical education learn- 
ing process in elementary schools. In the watch game for 
crocodiles, there is a 65% increase in the results of the pretest 
and post-test differences, then in the continuous running 
game there is a 60% increase in the results of the pretest and 
post-test differences, then in the box jump game there is a 
42.5% increase in the results of the pretest and posttest dif- 
ferences, and finally, in the jump rope game, there was a 35% 
increase from the difference between pretest and posttest. 

This research has a mission to develop a basic locomo- 
tor learning model for elementary school students in Class 
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VI that supports productive, active, creative, effective and 
fun learning in the learning system of Physical Education, 
Sports and Health in school. In addition to increasing stu- 
dent activity, small games in the form of “watch out for croc- 
odiles’, continued running, box jumping, and rope jumping 
can increase students’ motivation to learn (Irfandi & Rah- 
mat, 2016’; Palmizal et al., 2020). Researchers tried learning 
through play for the development of creativity and cognitive 
early childhood (Nurjanah & Wahyuseptiana, 2018). 

The interesting thing that researchers found was that 
students liked small game-based learning in the form of 
“watch out for crocodiles” and continued running, box 
jumping and rope jumping seen from the enthusiasm shown 
by students and students focused on learning basic locomo- 
tor movements seen from the focus of students listening to 
instructions teacher or researcher and from the activeness 
of students because they are excited when playing. Each in- 
struction given in this learning model has been adapted to 
the learning outcomes of the 2013 curriculum. This means 
that the development of this small game-based locomotor 
skills learning model has a context that is in line with the 
2013 curriculum so that it can be used by all regions in In- 
donesia. Every movement of the game also shows the tradi- 
tional games that are often played by children in Indonesia. 

Thus, learning basic locomotor movements that ap- 
pear in traditional games provides a comfortable learning 
environment for elementary school children and is easy to 
socialize (Awalludin Nugraha et al., 2018). In addition, the 
games used in learning locomotor skills also simultaneously 
build students’ motor creativity (Roslan & Abdullah, 2020). 
There is an interactive diversity made by students in every 
movement made during game activities, so this condition 
can have a positive impact on their physical, emotional and 
cognitive development (Oboeuf et al., 2020). The physical 
and motor development of each child during the product 
trial showed a level of difference, but overall this small game- 
based locomotor skills learning model had a significant ef- 
fect on improving locomotor skills. 


Conclusions 


The results of the research and development data analy- 
sis that have been carried out conclude that the locomotor 
skills learning model for elementary school students based 
on small game competitions has been feasible and effec- 
tive for use in sports and health physical education classes. 
This model can also be applied in all elementary schools in 
the territory of Indonesia because product development has 
referred to competencies and learning outcomes in the 2013 
curriculum. There are four types of games that have been de- 
veloped for learning locomotor skills, namely 1) jump rope 
game, 2) watch out for crocodiles, 3) continuous running 
game, and 4) box jump game. Each game has different loco- 
motor skill movements, including walk, run, slide, leap, gal- 
lop, skip, jump, and hop. This means that each game can have 
one or more or even all the moves that have been identified 
during the needs analysis activity. This small game-based 
locomotor basic movement learning model can motivate 
students to carry out basic locomotor movement learning 
activities. Based on the effectiveness aspect, the results of the 
product trial show that the “wary crocodile game” is a game 
that is in great demand and favoured by students. The results 


of the tests conducted, also show that the type of game that 
watches out for costs has the highest percentage. 

These findings also have advantages and disadvantages. 
The advantages of small games in learning locomotor skills 
are 1) the types of movements that are carried out are move- 
ments that are carried out every day by students in their 
playing activities, and 2) four types of small games are de- 
signed to have the same concept as various traditional games 
such as hide and seek, jump rope, sack racing, crankshaft, 
jump rope, and so on. 3) Learning instructions are made 
simple and easy to understand by students. However, the 
drawbacks of this game are the trials carried out in only one 
area and the less diverse types of small games. Therefore, 
this research can still be developed by further researchers 
such as developing more diverse types of games, such as 
traditional and modern games or multimedia technology 
that can complement games for locomotor skill movements. 
The results of this study also have an impact on the diversity 
of physical education and sports learning models in schools, 
especially for learning locomotor skills. 
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Abstract 


Background. Resistance-trained males aim to increase their overall health, strength and fitness level. Many 
resistance-trained males aiming to increase their strength neglect the muscles that stabilize the scapular and 
glenohumeral joints. The shoulder joint is among the most frequently injured areas in resistance-trained males. 

In addition, strength training displays different effects in young and old individuals. 

The study purpose was to investigate the effects of stability and mobility exercises on range of motion, posture and 
body awareness in resistance-trained males with shoulder immobility. 

Materials and methods. Thirty-two resistance-trained males diagnosed with shoulder immobility were divided into 
two groups according to their age ranges (G1: Adult, G2: Young Adult). The program consisting of mobility and 
stability exercises was applied 3 days a week for 8 weeks. The participants were evaluated with a universal goniometer, 
the New York Posture Rating, and the Body Awareness Questionnaire before and after the treatment lasting 8 weeks. 
Results. Following the 8-week treatment, improvements in body awareness and range of motion were observed in all 
participants (p<0.05). There were improvements in the scores of the New York Posture Rating and Body Awareness 
Questionnaire in both groups, but they were not statistically significant (p20.05). 

Conclusions. An exercise program combining stability and mobility exercises was applied to resistance-trained 
males with shoulder immobility and it was observed to have positive effects on the range of motion of the joint, body 
awareness and posture. We are of the opinion that various types of exercise should be implemented when planning 


exercise programs. 


Keywords: awareness, body builders, exercise, resistance-trained, posture, shoulder. 


Introduction 


Skeletal muscles display a high degree of plasticity in re- 
sponse to different mechanical stimuli. Out of these stimuli, 
overloading, with a combination of quantitative changes in 
muscle mass and fiber size, is one of the most effective ways 
to increase hypertrophy both at the whole muscle and at the 
single fiber level. The increase in fiber, and thus in muscle 
size, is the result of a positive balance between protein syn- 
thesis and degradation. Since mechanical loading is one of 
the most important methods to increase protein synthesis, 
the method used to maximize the mechanical stress applied 
to skeletal muscle is resistance training (Monti et al., 2021). 
Both strength and endurance are required during a sport- 
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ing activity (Degens et al., 2019). Resistance exercise and 
strength training are significant methods for athletes to im- 
prove their athletic performance. Intense resistance training 
should be performed to achieve high-level performance in 
strength and power-based sports. Generally, weight-training 
exercises put the shoulder in a bad position, such as external 
rotation, at the end of the joint range of motion while under 
heavy load. This results in joint and muscle imbalances and 
makes the shoulder prone to injury. Training routines aimed 
at specific muscle groups or exercises often neglect the bal- 
ance of strength and mobility, which is necessary for unim- 
paired shoulder function (Kolber et al., 2009). 

The shoulder joint is one of the joints with the greatest 
range of motion. However, mobility and stability are inverse- 
ly proportional. The stability balance of the shoulder joint, 
which has a large physiological range of motion, is sensi- 
tive. Some activities require mobility (e.g. swimming), while 
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others require stability (e.g. weight lifting, assistant referee) 
(Best & Tanaka, 2018). 

Bodybuilders aim to increase their overall health, strength 
and fitness level. Many bodybuilders aiming to increase their 
strength neglect the muscles that stabilize the scapular and gle- 
nohumeral joints while concentrating on strength training for 
the pectoralis, deltoid, and abdominal groups. Bodybuilders 
have been observed to experience a loss of muscle strength in 
the scapular stabilizers and rotator cuff muscles. Such strength 
imbalances may lead to a poor scapulohumeral rhythm during 
shoulder elevation (Kolber et al., 2009; Grandou et al., 2020). 

Strength and endurance training displays different effects 
in young and old individuals (Stunes et al., 2022). Resistance 
training is a good stimulant to increase strength in both young 
and old adults, however, muscle hypertrophy that occurs con- 
sistently in young males declines with age. This suggests that 
strength gains in older adults mostly result from adaptations 
of non-muscle tissues (Petrella et al., 2007; Kosek et al., 2006). 

While being educated on appropriate exercise selection 
and injury prevention strategies, strength athletes should be 
trained on changes in shoulder laxity, capsular restriction, 
or shoulder muscle balance that may develop secondary to 
weight training (Kolber et al., 2009). 

Exercise practices show different effects on individuals 
depending on age. There are studies indicating the different 
effects of exercise practices in young and middle-aged indi- 
viduals in the literature. However, these studies have mostly 
investigated the effects of strengthening exercises (Rader et 
al., 2016; Pesta et al., 2014). Our aim in this study is to ex- 
amine the effectiveness of stability and mobility exercises in 
bodybuilders with shoulder immobility. 


Materials and methods 


Study participants 


Thirty-two bodybuilders who had been diagnosed with 
shoulder immobility by a physician were included in our 
study. A total of 30 participants completed the eight-week 
exercise treatment. The participants were divided into two 
groups based on their age ranges. While the first group in- 
cluded those aged 18-30, those aged 30-60 were included in 
the second group. Inclusion criteria for the study were: hav- 
ing been diagnosed with shoulder immobility by a physician 
and being a male bodybuilder over the age of 18. Exclusion 
criteria were: being a female bodybuilder, having scapular 
dyskinesis, having undergone a surgery within the last six 
months, and having an orthopedic or neurological disease. 


Study organization 


The athletes included in the study were given a program 
including stability and mobility exercises after the initial 
measurements and evaluations were performed by a blind 
evaluator. The partipicants were evaluated for the second 
time eight weeks later and the effects of the exercise program 
on them were examined. 

The sample size was calculated to be 28 with 0.05 error 
in the %80 confidence interval. After calculating the drop- 
out rate as 20%, 32 individuals were included in the study. 
Thirty two individuals were included in the study in case 
they might drop out for various reasons (Grgic et al., 2018). 


All athletes included in the study were given the 
“Informed Voluntary Consent Form” and their consent was 
obtained. Demographic data such as the athletes’ age, weight, 
height, sports age, status of drug use and operation history 
were collected. Necessary approvals were obtained from the 
Non-Interventional Clinical Research Ethics Committee of 
Istanbul Medipol University before conducting the study 
(E-10840098-772.02-3687, date: 24/06/2022). The study was 
conducted with the individuals who accepted the informed 
consent form approved by the Ethics Committee of Istanbul 
Medipol University 


Assesment Parameters 


Assesment of Joint Range of Motion. Goniometric mea- 
surements were repeated bilaterally with a universal goni- 
ometer. Measurements of upper extremity, shoulder flex- 
ion, internal and external rotation were made. They were 
repeated three times for each evaluation. The mean of the 
measurements was recorded as the score. 

Assesment of Posture. Posture assessment was done using 
the New York Posture Rating, which consists of 13 items. Pos- 
ture analysis is performed while standing upright. A score of 
five was given if the participant’s posture was correct, three if 
moderately impaired, and one if severely impaired. The total 
score to be obtained from the test is a maximum of 65 anda 
minimum of 13. The higher the score, the better posture the 
participant has (McRoberts et al., 2013). 

Assesment of Body Awareness. Body awareness was eval- 
uated using the Body Awareness Questionnaire. This ques- 
tionnaire includes physical, emotional and social elements 
that question the sensitivity of the participant to physical re- 
actions in normal or abnormal body conditions. Conducted 
to determine the normal or abnormal sensitivity level of 
body components, the Body Awareness Questionnaire con- 
sists of 18 items under 4 subscales (changes in body process, 
sleep-wake cycle, prediction at the onset of the disease, pre- 
diction of body responses). The participant is asked to score 
each item on a scale of 1-7. Evaluation is performed based 
on the total score. A higher score indicates a better body 
sensitivity (Karaca & Bayar, 2021). 


Exercise Program 


Before the athletes started their exercise program, in 
order to raise their awareness, they were trained on the im- 
portance of shoulder mobilization and stabilization and how 
to contract the right muscle groups. Following the evalua- 
tions, in addition to the usual training programs, the athletes 
performed an exercise program 3 days a week for 8 weeks, 
accompanied by the same physiotherapist. 

The number and frequency of repetitions of the exercises 
were updated every two weeks. They would perform Prone I, 
TT, W, Y’s, Wall Angels and Anterior Shoulder Stretch, Shoul- 
der Circle Rotation, Prone Shoulder CARs and Shoulder 
Side Stretch, and stretching exercises for pectoral muscles. 


Statistical analysis 


SPSS 26.0 (Statistical Package for Social Sciences, Chi- 
cago, Illinois, United States) software was used for statistical 
analysis in the study. Statistical analysis methods including 
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descriptives, comparators, and correlations were used. 
Mean, standard deviation, and percentage distribution val- 
ues were calculated using descriptive statistical methods. 
Conformity to the normal distribution was evaluated using 
the Shapiro-Wilk test. Parametric tests were used if the data 
conformed to the normal distribution, and nonparametric 
tests were used if they did not. Independent samples t-test 
was used for the parametric data, and Mann Whitney-U 
test for nonparametric data. Paired samples t-test was used 
for the comparison of in-group values before and after the 
eight-week treatment, Wilcoxon paired two-sample test was 
used for nonparametric ones, and Chi-square test was used 
to compare the categorical data. A p value lower than 0.05 
was considered statistically significant. 


Results 


Thirty-five resistance-trained males with shoulder 
immobility were evaluated in the study. Three of them 
were excluded from the study because two had scapular 
dyskinesia and one had undergone shoulder surgery. A total of 
32 individuals were included in the study. One participant from 
each group could not complete the study for various reasons, 
and the scores of 30 participants were recorded in the end. 


Table 1. Demographic Data 


Group 1 Group 2 p 
Age 21.36 + 2.95 41.29 + 8.67 0.00 
Height 178.14 + 5.96 175.65 + 5.99 0.279 
Weight 75.29 + 8.08 83.07 + 9.51 0.028 
BMI 23.72 + 2.30 26.98 + 3.28 0.05 


‘The values are shown as mean + SD. p<0.05 was considered 
statistically significant. Age: years, BMI: Body Mass 
Index (kg/m?) 


Since the participants were divided into groups based on 
age, there was a statistical difference in their age, weight and 
BMI before the treatment (p<0.05). 


Table 2. General conditions of the groups before treatment 


Group 1 Group 2 p 
HOW Dany GAYSGEEMOES: chai gy Bova ed. dda 
the athlete train? 
Does the athlete experience 

+ re 

stiffness in their shoulder? I a 
Does the athlete experience 
disiicalty Of pelt WHEN TREY ain poe aga 164 000 
raise their arms above their 
head? 
Happiness after exercise 8.6441.65 9.71 40.726 0.035 


‘The values are shown as mean + SD. p< 0.05 was considered 
statistically significant. 


There was no statistically significant difference in the 
number of weekly training sessions and stiffness in the 
shoulder region in both groups (p20.05). However, the feel- 
ing of pain when raising the arms was observed to be higher 


in Group 1 (p=0.020). The feeling of happiness after exercise 
was observed to be higher in Group 2 (p=0.035). 

After the exercise programs were completed, a statis- 
tically significant increase was observed in all evaluation 
parameters in both groups (p<0.05). There was a statistical 
difference between the groups in the measurements of right 
and left shoulder flexion, external rotation of the left shoul- 
der, internal rotation of the left and right shoulder (p < 0.05) 

When the pre-treatment scores of both groups were ex- 
amined, no statistical difference was found between the two 
groups, but the NYPR lateral and posterior scores of the 
adult group were lower (p=0.071). 


Discussion 


Our study investigated the effectiveness of exercises in 
resistance-trained males with shoulder immobility. To the 
best of our knowledge, there has been no study examining 
the effectiveness of combined exercises in resistance-trained 
males with shoulder immobility. In resistance-trained males 
with shoulder immobility in different age groups, to whom 
we implemented stability and mobility and stretching exer- 
cises, improvements were observed in all the evaluation pa- 
rameters in both adult and young adult groups as a result of 
the exercise program, except for the results of lateral posture 
analysis in the young adult group. 

Martel et al. investigated the effects of gender and age 
on muscle fiber adaptation in individuals performing high- 
intensity resistance training. The effects of the exercises ap- 
plied three times a week for 9 weeks on the lower extremity 
extensor muscles were evaluated. It was concluded that there 
were differences in muscle fibers between males and females 
(Martel et al., 2006). Unlike this study, we examined the up- 
per extremity muscles. In addition, we included only male 
participants in our study, as we predicted that there would 
be differences between males and females. 

Staron et al. compared the gender-related cross-section- 
al areas of various muscle fiber types during the transition 
from childhood to adulthood. Gender-specific patterns of 
muscle fiber types were found to develop during this transi- 
tion (Staron et al., 2000). Bougea et al., on the other hand, 
examined the relationship between aging and muscle fibers 
in their autopsy study on individuals aged 24-82 who died 
due to sudden death. As a result, they observed that the 
number and volume of muscle fibers decreased with aging 
(Bougea et al., 2016). Considering the relationship of muscle 
fibers and structure with age, the participants were divided 
into two groups as those aged 18-30 and those aged 30-60. 

Previous studies investigated injury sites of recreational 
resistance-trained athletes. Shoulder, upper extremities and 
spine were found to be the most frequently injured areas. 
The reason why upper extremity injuries are so common is 
the mistakes made in exercise programs. The biggest one is 
that recreational resistance-trained athletes usually do exer- 
cises for the upper extremity muscles and neglect the ones 
for the core region and lower extremity muscles. As a re- 
sult, biomechanical problems occur. The resistance-trained 
athletes in our study also developed shoulder immobility 
problem (Siewe et al., 2014). Moezy et al. investigated the 
effectiveness of scapular stabilization exercises in individuals 
with shoulder impingement syndrome. Their study reported 
that the exercise applications provided improvements in the 
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Table 3. Evaluation results of the groups before and after treatment 


Group 1 Group 2 
Before After Cane Before After Grote P 
Treatment Treatment Treatment Treatment 
Shoulder flex left 125.14+ 12.93 142.29 + 11.06 0.00 123.29+6.91 134.29 + 7.52 0.00 0.002 
Shoulder flex right 123.14+11.31 141.43 + 11.49 0.00 118.86 +4.94 131.29+4.81 0.001 0.018 
Shoulder ext rot left 78.79 + 7.97 85.21 + 6.34 0.00 79.21+5.59 83.14+4.96 0.00 0.037 
Shoulder ext rot right 81.21 + 6.40 86.64 + 4.80 0.002 78.50+6.60 82.86+5.38 0.00 0.417 
Shoulder int rot left 62.57 + 5.65 71.14 £5.53 0.00 61.64+3.46 67.14+3.76 0.001 0.018 
Shoulder int rot right 61.57 + 5.65 70.71 + 5.74 0.002 59.43+2.47 65.64+2.41 0.00 0.002 
Body awareness questionnaire 86.29+13.84 98.29 + 10.63 0.00 89.29 +12.44 96.214 11.91 0.00 0.098 
NYPR lateral 27.86 + 3.18 32.29 + 2.30 0.109 25.14+4.35 29.29 + 3.50 0.001 0.792 
NYPR posterior 27.50 + 3.30 27.86 + 3.18 0.00 24.93 +3.89 25.14+4.35 0.00 0.667 


The values are shown as mean + SD. p<0.05 was considered statistically significant. NYPR: New York Posture Rating. Flex: Flexion, 


Ext: External, Int: Internal, Rot, Rotation. 


range of abduction and external rotation and posture in the 
participants (Moezy et al., 2014). Improvements in shoulder 
flexion, internal and external rotation were noted in both 
groups as a result of shoulder joint range of motion mea- 
surements. However, more differences were observed in the 
range of motion in the young adult group. Gharisia et al. 
concluded that stretching exercises increase joint range of 
motion in athletes with internal deficits in the glenohumeral 
joint (Gharisia et al., 2021). Goto et al. examined the effects 
of range of motion exercises performed at different angles in 
their study on young trained men. Similarly to our study, the 
participants performed the exercises three days a week for 
eight weeks. They concluded that range of motion exercises 
facilitate muscle hypertrophy positively (Goto et al., 2019). 
Moradi et al. implemented an eight-week exercise program 
in their study examining male volleyball players with inter- 
nal rotation deficit in the shoulder. They found that the ex- 
ercise program they implemented, in which the participants 
performed stretching exercises for five days and strengthen- 
ing exercises for three days a week, was an effective treat- 
ment method for shoulder internal rotation deficit (Moradi 
et al., 2020). In accordance with the literature, we planned 
the exercise program to be performed three days a week 
for eight weeks. We included stabilization, stretching and 
strengthening exercises in our exercise program. Similarly 
to these studies, we recorded improvements in joint range 
of motion.It is known that bodybuilding training causes 
muscle damage in the upper extremity in resistance-trained 
males (Ferreira et al., 2017). It is thought that problems in 
the alignment of the head and shoulder also affect the mus- 
cles around the shoulder (Thigpen et al., 2010). In a study 
examining the effectiveness of stabilization exercises in indi- 
viduals with round-shoulder posture, they performed stabi- 
lization and stretching exercises. The study indicated that the 
exercise application was effective in improving posture in 
individuals (Kim et al., 2018). Similarly, stretching and sta- 
bilization exercises were given to bodybuilding athletes with 
shoulder immobility. When we compared the pre- and post- 
treatment scores, we observed that the scores of the adult 
group were lower than the young adult group. This could be 
because the posture of the individuals in the adult group may 


have been affected more negatively than the younger group 
as a result of the longer-term application of inappropriate 
exercise prescriptions in the adult group. Another reason 
could be that postural problems become more common with 
age. However, on the contrary, improvements were observed 
in posture analysis in the adult group, while improvements 
were observed in posture evaluations except for the lateral 
posture analysis in the young adult group. Lee et al. found 
that stretching exercises for the pectoralis minor muscle 
improved the posture of individuals by improving scapular 
stabilization and alignment (Lee et al., 2015). Ruivo et al. ap- 
plied strengthening and stretching exercises to individuals 
with forward head and protracted shoulder posture in their 
study. As a result, improvement was observed in posture 
(Ruivo et al., 2017). Similarly, Shiravi et al. reported that 
scapular stabilization exercises had a positive effect on pos- 
ture in individuals with forward head and round shoulder 
problems. In our study, in addition to stabilization exercises, 
stretching exercises for pectoralis major and minor muscles 
were given. As a result, improvements were recorded in pos- 
ture (Shiravi et al., 2019). 

Postural awareness is the subjective conscious aware- 
ness of body posture based primarily on proprioceptive 
feedback from the body environment to the central nervous 
system. Erden and Emirzeoglu examined body awareness in 
different sports branches in their study. They concluded that 
body awareness is similar between different sports branches 
and different age groups. We observed an increase in body 
awareness after the exercise applications, but no statistically 
significant difference was found between the groups (Erden 
& Emirzeoglu, 2020). 

Tikag et al. investigated the effects of regular exercise 
practices on body awareness in young adults. They found 
that the exercise practices had a positive effect on self-effica- 
cy, self-esteem and body awareness parameters. As a result 
of the exercise applications in our study, an increase in body 
awareness score was observed in both groups, but the young 
adult group achieved better results (Tikac et al., 2022). The 
effect of physical activity level on life satisfaction and happi- 
ness in different age groups was investigated. The age groups 
were divided into three as young adults, middle-aged adults 
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and older adults. As a result of the study, it was found that as 
the age increases, the increasing exercise level increases the 
happiness level in individuals (An et al., 2020). We observed 
in our study that the post-exercise happiness level of the 
adult group was higher than the young adult group. 


Conclusions 


The study found that the combined exercise program 
applied to resistance-trained males with shoulder immobil- 
ity had positive effects. We are of the opinion that various 
types of exercises should be included while planning the 
exercise program. 

Our study has several limitations. A total of 32 trained 
males were included in our study. The number of partici- 
pants could have been higher. In addition, the duration of 
doing sports was not homogeneously assigned to the partici- 
pants. We are aiming to design studies by considering these 
limitations in the future. 
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E®MEKTUBHICTb BMPAB HA PYXJIUBICTb I CTABIJIBHICTb 
y YONIOBIKIB, AKI TPEHYIOTbCA 3 ONOPOM, 3 HEPYXOMICTIO 


MIEYEN Y PISHUX BIKOBUX FPYNAX 


Xas3an Iena4©P 


"Yuipepcutet baxuemexip 


, Tyrae Taxma3'®”, Onyp Axrion 


1BD 


Axstopcepknit Bkiag: A — qu3aiiH jocmippxenua; B - 36ip qanmx; C - crarauazis; D - nigzrotoBKa pyKxonncy; E - 36ip KomTiB 


Pedepar. Cratra: 7 c., 3 ra67., 30 apKepen. 


Icropia nutanHa. WonoBiku, AKi TpeHy!OTbCA 3 ONOPOM, IiparHyTb MOKpalMTM CBil 3arabHUM piBeHb 30poB’A, CUM Ta 
disusHoi dopmn. Bararo yonoBikiB, AKi TpeHYIOTHCA 3 OMOPOM, MparHydM 3OibUIMTM CBOIO CMY, HEXTYIOTb M’A3aMM, AKi CTa- 
Oinisy1oTb JOMaTKOBMM Ta TeHOXyMepabHu cyrmo6n. IImeyosun cyrio06 € ofHieto 3 HaliOinbU YacTO TpaBMOBaHMX [iAHOK 
YONOBIKIB, AKi TpeHyIOTbCA 3 ONOpoM. Kpim Toro, culoBi TpeHyBaHHA M0-pi3HOMy BIIVIMBaloTb Ha MOMOAMX i NiTHix TO De. 
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Mera fociigs>KeHHA MoArasa B TOMY, 106 BUBYMTM BIVIMB BIIpaB Ha CTaOibHicTb i pyXIMBICTb Ha ialla30H PyXiB, HOCTaBy 
Ta yCBIJOM/I€HHA Tisla y YOOBIKiB, AKi TpeHyIOTbCA 3 OMOPOM, 3 HepyxoOmicTw I7leden. 

Marepiamu Ta Merogn. Tpuyquatb 4Ba YONOBIKU, AKi TPeEHYIOTHCA 3 OOPOM, y AKMX Oyza TiarHOCTOBaHa HepyXOMicTb IIe- 
yell, Oymu posfineHi Ha ABi py BigMOBIZHO Oo ixHix BiKOBMX Fiama30HiB (G1: Zopocni, G2: monogp). Iporpamy, wo cK7ayjaeTb- 
ca i3 BIpaB Ha pyxmuBicTb i craOimbHicT, 3acTOCoByBalM 3 Hi Ha TYOKeHb NpOTATOM 8 TYKHIB. Y4aCHNKiB ONiHIOBAIM 3a 10- 
MloMoroW yHiBepcabHoro roniomerpa, Tecry «Hbw-Mopxcpknit peiitrmnr nocTaBm» Ta mika «OnMTyBabHUK 3 ycBijoMseHHA 
Tila» WO Ta Mic IpOxXO/PKeHHA KyPcy BIpaB, AKUM TpUBaB 8 TWDKHIB. 

Pesynpratn. [ica 8-1mKHeBOro Kypcy BUupaB B ycix yYacHNKiB ClocTepiraylOcA NOKpalljeHHA yCBIJOMMIeHHA Tila Ta fiatia- 
sony pyxis (p<0,05). B o60x rpynax cnocrepiramuca NokpaweHHa B 6amax Tecty «Hpo-MopKcbKnit pet tmur NoctaBM» Ta Wika 
«ONMTYBaIbHMK 3 YCBIJOMIeCHHA Tisla», ayle BOHM He OymM cCTaTUCTM4HO 3Ha4ryuyMMn (p2=0,05). 

Bucuosku. Jo yonoBikis, AKi TpeHY!OTbCA 3 ONOPOM, y AKUX Oya TiarHOCTOBaHa HepyXOMiCcTb Ileven, 3ACTOCOByBasIM IIpo- 
rpaMy BlpaB, WO HOesHye BUpaBM Ha cTabibHicTD i pyxMBicTD, i Oy10 NOMideHO, IO BOHA Masa HOSMTUBHMM BIVIMB Ha fialla30H 
pyxis cyrmo6a, ycBiqoMieHHA Tima Ta MocTaBy. Mu BBaxKaeMO, WO Mig, Vac WilaHyBaHHA MporpaM BipaB Ciig, 3acCTOCOByBaTH pi3Hi 
BMA BIpaB. 

Kyrouosi Cosa: yCBiJOM/IeHHA, KYIbTYPUCTH, BIIpaBa, AKi TpeHYIOTbCA 3 ONOPOM, MocTaBa, Weve. 
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Abstract 


The purpose of the study was to determine the state of performance of motor actions by girls with different 
handedness, which establishes a valid program for each age period of 3-5 years. 

Materials and methods. Sixty girls took part in the study (compared with the right-, left-hand preference, and 
ambidexterity), each attended a preschool, and at the time of the study, the age of each was within the range of 3 years 
5 months 2 days to 3 years 5 months and 29 days. To obtain the necessary data, motor actions determined by the 
current child development program in the preschool period were used. The quality of the girls' performance of each 
defined motor action was assessed, and the procedure took place in January of each new school year, that is, when the 


girls were first 3 years old, then 4 and 5 years old. 


Results. Each age of the period of 3-5 years is marked by handedness-related features of development and 
manifestation of the motor function of girls when performing motor actions with their hands. At the same time, the 
majority of motor actions were performed by the girls of each sample with a score lower than the maximum score. 
This does not contribute to the intensive development of the motor function of girls, which differs from the task 
defined by the current program for preschool education institutions. Comparing the results of girls with different 
handedness, it was found that in most motor actions, the scores obtained for performance differ by a statistically 


significant amount, and at each age of the studied period. 


Conclusions. Establishing features in the quality of performance of motor actions by girls with different handedness 
at each age period of 3-5 years is an important task. To increase the effectiveness of the educational process, the 
teacher needs to pay more attention to the study of those motor actions that were evaluated with low scores in girls 


with a certain preferred hand. 


Keywords: girls, preschool age, hand asymmetry, motor function, development. 


Introduction 


In the preschool period, one of the main functions of a 
child is movement (Katzmarzyk & Silva, 2013). Therefore, 
educators pay considerable attention to the development of 
this function, especially during physical education, which 
is implemented in various forms of classes (Altavilla & Di 
Tore, 2016; Di Tore et al., 2016). At the same time, the basis 


© Galamanzhuk, L., Smolianko, Yu., Hudyma, N., 
Balatska, L.,Mytskan, T., Mysiv, V., & Marchuk, V., 2022. 
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of such classes is the content of the current program on child 
development in the preschool period (Bayer et al., 2014). 
This content provides motor actions that a child at a certain 
age of 3-6 years should master at the level of exploration of 
degrees of freedom, and preferably at the highest level, that 
is, at the level of capitalization of degrees of freedom (Bern- 
stein, 1991; Schmidt & Lee, 2013). 

However, at the current stage, the issue of the state of 
formation of children’s abilities and skills in motor actions, 
which are determined by the specified current program, 
has not been sufficiently studied (Turvey & Fonseca, 2009). 
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The need for such information does not raise doubts, be- 
cause it allows establishing the effectiveness of physical edu- 
cation in the formation of abilities, and skills in basic motor 
actions, as well as shortcomings and discrepancies between 
the required and real results. 

On the other hand, the achievement of the goal of physi- 
cal development of children in the preschool period is greatly 
facilitated by the implementation in practice of the provision 
on taking into account their characteristics (Malina et al., 
2004; Kalinkova, 2007). One of the effective criteria for indi- 
vidualization is the child’s handedness (Iedynak et al., 2017; 
De Kovel et al., 2019; Giintiirkiin et al., 2020). This is due 
to the discrepancy in the development of motor function 
(Reiss, 2000), physical qualities (Galamanzhuk & Iedynak, 
2016), psychosocial (Fisher, 2006; Iedynak & Galamanzhuk, 
2010), physiological (Galamanzhuk et al., 2019) and some 
other performance abilities (Scharoun & Bryden, 2014; Ra- 
tini, 2021) of children in the preschool period. 

At the same time, there are separated studies (Galaman- 
zhuk, 2015) aimed at establishing peculiarities in the for- 
mation of motor skills and skills of children with different 
handedness in actions determined by the current program 
of their development in the preschool period as basic motor 
actions. In this regard, research on solving such a problem 
is relevant. 

The purpose of the study was to determine the state of 
performance of motor actions by girls with different hand- 
edness determined by the current program for each age pe- 
riod of 3-5 years. 


Materials and methods 


Study participants 


60 girls took part in the study: 20 each with the right 
(R), left (L) hand preference, and ambidexterity (A), each 
attending a preschool; the base of the study was a total of 
15 preschool education institutions located in various cities 
of the western region of Ukraine. At the time of the begin- 
ning of the study, the age of all the girls ranged from 3 years 
5 months 2 days to 3 years 5 months and 29 days. The main 
attention was focused on evaluating the girls’ performance 
of each defined motor action. The results were recorded in 
January of each new academic year, that is, when the same 
girls were first 3 years old, then 4 and 5 years old. 


Study organization 


To obtain the necessary data, girls’ performance of mo- 
tor actions determined by the current program for each age 
period of 3-5 years was evaluated (Bayer et al., 2014). In par- 
ticular, at the age of 3, such actions were: collecting balls, car- 
rying them and putting them in a certain place (basket, box); 
rolling the ball on an inclined surface; rolling the ball with 
one or two hands to the teacher; rolling the ball with one 
or two hands under the arc; rolling the ball with one or two 
hands to each other, moving behind it during its roll; throw- 
ing the ball forward with both hands from below; throw- 
ing the ball forward from the chest; throwing the ball from 
behind the head; throwing the ball with both hands to the 
teacher; trying to catch the ball thrown by the teacher (dis- 
tance 80-100 cm); throwing the ball over the rope stretched 


at the level of the child’s chest (distance 1-1.5 m); throwing 
a ball (weight 100 g) at a horizontal target (basket, box) with 
the right and left hands from a distance of 1.3-1.5 m; throw- 
ing objects with the right and left hands at a distance; throw- 
ing a ball (weight 100 g) at a vertical target from a distance of 
1-1.5 m. At the age of 4, girls performed the following motor 
actions: rolling the ball from the teacher to the child and 
back from a half-squat position (distance 1.5-2 m); rolling 
the ball between objects into the goal (width 50-60 cm, dis- 
tance 1.5-2 m); throw the ball to the teacher with both hands 
from below and from the chest; catching the ball thrown 
by the teacher (distance - 1.5 m); throwing a ball (weight 
100 g) at a horizontal target (basket, box) from a distance of 
1.5-2.0 m; throwing the ball with both hands from the chest 
and from below into a basket (box) standing on the floor at a 
distance of 2 m; after throwing the ball on the floor, trying to 
catch it two or three times in a row; throwing a ball (weight 
100 g) with the right and left hands at a vertical target (the 
height of the center of the target is 1.2 m above the floor, the 
distance to the target is 1.5-2.0 m); throwing a ball (weight 
100 g) with the right and left hands at a distance (distance 
3-5 m). At the age of 5, the girls’ performance of the fol- 
lowing motor actions was assessed: throwing a ball from 
one hand to another at a different pace; while standing still, 
hitting the ball on the floor (12 repetitions); throwing the 
ball to another child with two hands from the chest; throw- 
ing the ball from behind the head while standing or moving 
forward; catching the ball from different starting positions; 
catching the ball after bouncing off the floor; throwing and 
catch the ball with both hands (up to 20 times in a row); hit- 
ting the wall with a ball; throwing a stuffed ball (weight 1 kg) 
to another child; catching a stuffed ball; throwing a small ball 
into the ring at a height of 2.2 m from the floor; throwing 
objects (bag, ball) with the right and left hands for 3-5 m; 
throwing a ball (weight 100 g) at a moving target. 
Recommendations (Grime & Wright, 2016) regarding 
the use of the Delphi Method were taken into account when 
evaluating the correct performance of motor actions by girls. 
Thus, 5 experts (2 Candidates of Science and 3 Doctors of 
Science) took part in the assessment, all of them specialists in 
physical education of children, and each of them has at least 
10 years of experience. The girls were given 2 attempts to 
perform each motor action, and the best one was evaluated. 
But the girls did not know that their performance was being 
evaluated; this made it possible to minimize the excitement 
of the girls because it could affect the correct performance of 
the motor action (Thomas et al., 2011). The evaluation took 
place in two rounds: first, each expert evaluated the perfor- 
mance of all the girls’ proposed motor actions, after that he 
studied the results of the questionnaires of his colleagues, 
video recordings of the girls’ performance of the motor ac- 
tions, and corrected (if he changed his mind) his evaluation 
results. After that, each expert received a final score, which 
was used to assess the girls’ performance of a certain motor 
action; all five scores were taken into account when finding 
the average score for the performance of each motor action. 
Experts took into account the recommendations for the 
assessment of motor development and function in preschool 
children (Tieman et al., 2005; Timmons et al., Pfeiffer, 2007). 
A system was chosen to provide the evaluation with one of 
the following points: “3” - the highest point, which indicates 
the achievement of the set goal due to the technically correct 
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performance ofall movements in the action, which is evidenced 
by the absence of errors; “2” - the set goal is achieved because 
the motor action is performed correctly in general, except for 
one or two movements (parameters — movement trajectory, 
pace, etc.) that are reproduced with minor errors, that is, that 
do not affect the result; “1” - the set goal was not achieved due 
to difficulties in performing the motor action, although in- 
dividual movements (parameters) were reproduced correctly. 
The girls’ hand preference was determined at the be- 
ginning of the study, taking into account the recommen- 
dations (Edlin et al., 2015) using the Short Form of Edin- 
burgh Handedness Scale (Veale, 2014). The organization of 
the study took into account the provisions of the Helsinki 
Declaration of the World Medical Association (WMA-2013) 
on the ethical principles of medical research with human 
participants. The research protocol was approved by the eth- 
ics commission of Kamianets-Podilskyi National University. 


Statistical analysis 


All statistical analyzes were performed using SPSS Ver- 
sion 21. For each assessment, the following calculations were 
performed: arithmetic mean (M), standard deviation (SD), 
and Kolmogorov-Smirnov Test (KS). The last one made it 
possible to establish a difference from the normal distribution 
of individual values in each sample of girls (Vincent, 2005). In 
this regard, when comparing two averages, non-parametric 
tests were used, namely Mann-Whitney (U, Z values), and 
Wilcoxon (W values); the 0.05, 0.01, 0.001 levels of probability 
were used to indicate statistical significance (Khalafian, 2007). 


Results 


Before starting the analysis of the data obtained in ex- 
perimental groups of girls in each age period of 3-5 years, the 


correspondence of the individual values distribution of each 
indicator to the normal distribution was established. It was 
found that in 3-year-old girls with different hand prefer- 
ences, the distribution of individual results differed from the 
normal one (Table 1). 

In addition, the obtained data indicated that girls from 
A and R performed for the highest score of “3” for one move- 
ment out of all 14 offered. Moreover, it was the same motor 
action, namely “to collect balls, carry them, and put them 
in a certain place.” The same result was noted for girls from 
L, but they additionally scored a score of “3” for the perfor- 
mance of “rolling a ball with one or two hands to the teacher” 
and “throwing objects with the right and left hands at a dis- 
tance” But the former also had the least number of motor 
actions, the performance of which was evaluated with the 
lowest score “1”. There were 6 such actions, while the girls 
from A — 9, from R - 10. 

Comparing the scores of these 3-year-old girls with dif- 
ferent hand preferences for performing the specified 14 mo- 
tor actions, the following was found. In girls from A and L, 
as well as from L and R, 8 grades differed by a statistically 
significant value, while in girls from A and R - 6 (Table 2). 

In all cases, such a feature was noted for the score for 
performing the motor action “rolling the ball with one or 
two hands to the teacher’, because it was the highest in girls 
with L (3 points), while it was significantly lower in R, name- 
ly 2.45+0.6 points (p = 0.001), in A the smallest, - 1.9+0.85 
(respectively, p = 0.013 and p = 0.001). 

At four years old, the distribution of the obtained data 
differed from the normal one (Table 3). 

The following was also noted: according to the obtained 
data, out of all 9 motor actions, the highest score of “3” was 
evaluated for the performance of only one action and only 
by girls from A, namely “throw a ball weighing 100 g with 
the right and left hands at a distance (a distance of at least 


Table 1. Results of performance of motor actions by 3-year-old girls with different handedness 


N Motor action 


1 Collect balls, carry them and put them in a certain place 
(basket, box) 

Roll the ball on an inclined surface 

Roll the ball with one or two hands towards the teacher 

Roll the ball with one or two hands under the arc 


a ek WwW bY 


Roll the ball with one or two hands to each other, moving 

behind it during its roll 

6 Throw the ball forward with both hands from below 

7 Throw the ball forward from the chest 

8 Throw the ball from behind the head 

9 Throw the ball with both hands to the teacher 

10 Try to catch the ball thrown by the teacher (distance 80-100 
cm) 

11 Throw the ball over the rope stretched at the level of the 
child’s chest (distance 1-1.5 m) 

12 Throw the ball (weight 100 g) at a horizontal target with the 
right and left hands (distance - 1.3-1.5 m) 

13 Throw objects with the right and left hands at a distance 


14 Throw a ball (weight 100 g) at a vertical target from a distance 
of 1-1.5m 


girls with A (n=20) 


girls with A (n=20) girls with R (n=20) 


M SD KS,p M_ SD KS,p M_ SD _ K-S,p 
3.00 0 <001 300 0 <001 300 0 <001 
0.37 <0.01 1.75 044 <0.01 1.25 0.64 <0.01 
0.85 <0.01 3.00 0 <001 2.45 0.60 <0.01 
100 0 <O001 0.75 044 <0.01 08 0.52 <0.01 
110 <0.01 100 0 <001 09 0.79 <0.01 
0.91 <0.01 2.25 085 <0.01 1.35 0.93 <0.01 
0.64 <0.01 2.50 051 <0.01 1.65 0.88 <0.01 
0.94 <0.01 2.25 133 <0.01 1.55 0.94 <0.01 
0.87 <0.01 2.25 085 <0.01 2.5 0.60 <0.01 
1.00 <0.01 150 115 <0.01 165 0.49 <0.01 
0.56 <0.01 1.50 089 <0.01 0.8 0.89 <0.01 
0.83 <0.01 1.25 044 <0.01 0.95 0.89 <0.01 
0.47 <0.01 3.00 0 <001 2.65 0.59 <0.01 
0.83 <0.01 2.50 051 <0.01 18 0.95 <0.01 


Be 
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Table 2. Comparison of the results of performance by 3-year-old girls motor actions with different handedness 


Mote Asymp.Sig 
action Mean Rank Sum of Rank U WwW Z 
(2-talled) 
(N) 
A (n=20) L (n=20) A (n=20) L (n=20) 
1 20.50 20.50 410.0 410.0 200.0 410.0 .000 1.000 
2 21.50 19.50 430.0 390.0 180.0 390.0 -.781 0.435 
3 13.50 27.50 270.0 550.0 60.0 270.0 -4.480 0.000 
4 23.00 18.00 460.0 360.0 150.0 360.0 -2.360 0.018 
5 27.50 13.50 550.0 270.0 60.0 270.0 -4.512 0.000 
6 20.63 20.38 412.5 407.5 197.5 407.5 -.074 0.941 
7 17.25 23.75 345.0 475.0 135.0 345.0 -1.190 0.047 
8 18.88 22.13 377.5 442.5 167.5 377.5 -.999 0.318 
9 18.00 23.00 360.0 460.0 150.0 360.0 -1.443 0.149 
10 19.00 22.00 380.0 440.0 170.0 380.0 -.840 0.401 
IT 16.25 24.75 325.0 495.0 115.0 325.0 -2.481 0.013 
12 24.13 16.88 482.5 337.5 127.5 337.5 -2.247 0.025 
13 17.50 23.50 350.0 470.0 140.0 350.0 -2.623 0.009 
14 15.75 25.25 315.0 505.0 105.0 315.0 -2.751 0.006 
A (n=20) R (n=20) A (n=20) R (n=20) 
1 20.50 20.50 410.0 410.0 200.0 410.0 .000 1.000 
2 21.50 19.50 430.0 390.0 180.0 390.0 -.781 0.435 
3 13.50 27.50 270.0 550.0 60.0 270.0 -4.480 0.000 
4 23.00 18.00 460.0 360.0 150.0 360.0 -2.360 0.018 
5: 27.50 13.50 550.0 270.0 60.0 270.0 -4,512 0.000 
6 20.63 20.38 412.5 407.5 197.5 407.5 -.074 0.941 
7 17.25 23.75 345.0 475.0 135.0 345.0 -1.190 0.047 
8 18.88 22.13 377.5 442.5 167.5 377.5 -.999 0.318 
9 18.00 23.00 360.0 460.0 150.0 360.0 -1.443 0.149 
10 19.00 22.00 380.0 440.0 170.0 380.0 -.840 0.401 
11 16.25 24.75 325.0 495.0 115.0 325.0 -2.481 0.013 
12 24.13 16.88 482.5 337.5 127.5 337.5 -2.247 0.025 
13 17.50 23.50 350.0 470.0 140.0 350.0 -2.623 0.009 
14 15.75 25.25 315.0 505.0 105.0 315.0 -2.751 0.006 
L (n=20) R (n=20) L (n=20) R (n=20) 
1 20.50 20.50 410.0 410.0 200.0 410.0 .000 1.000 
2 25.25 15575 505.0 315.0 105.0 315.0 -2.898 0.004 
3 25.50 15.50 510.0 310.0 100.0 310.0 -3,592 0.000 
4 20.13 20.88 402.5 417.5 192.5 402.5 -.261 0.794 
5 22.00 19.00 440.0 380.0 170.0 380.0 -1.113 0.266 
6 25.50 15.50 510.0 310.0 100.0 310.0 -2.849 0.004 
7 26.00 15.00 520.0 300.0 90.0 300.0 -3.168 0.002 
8 24.25 16.75 485.0 335.0 125.0 335.0 -2.169 0.030 
9 19.13 21.88 382.5 437.5 172.5 382.5 -.822 0.411 
10 19.75 21.25 395.0 425.0 185.0 395.0 -.433 0.655 
11 24.75 16.25 495.0 325.0 115.0 325.0 -2.478 0.013 
12 23.00 18.00 460.0 360.0 150.0 360.0 -1.518 0.129 
13 23.50 17.50 470.0 350.0 140.0 350.0 -2.619 0.009 
14 24.75 16.25 495.0 325.0 115.0 325.0 -2.487 0.013 


Note: Mann-Whitney U, Wilcoxon W; a reliably significant difference between the two means is highlighted in color 


3-5 m)”. As for the lowest score, it was used to evaluate the 
performance of 5 motor actions by girls with A, and L and 
the performance of 6 actions by girls with R. 

Other data related to the comparison of scores obtained 
for the performance of each of the 9 specified motor actions 
(Table 4). 


At 5 years, the distribution of most of the obtained data 
differed from normal, and exceptions were characteristic of 
each group of girls (Table 5). 

We received data that indicated the following: out of all 
13 motor actions, the performance of only one action by girls 
from A and R was rated the highest. 
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Table 3. Results of performance of motor actions by 4-year-old girls with different handedness 


girls with A (n=20) girls with L(n=20) __ girls with R (n=20) 
M SD KSp M SD KS,p M_ SD K-5S,p 


N Motor action 


1 Roll the ball from the teacher to the child and back from a 205 051 <0.01 1.50 089 <0.01 215 067 <0.10 
half-squat position (1.5-2 m) 


Roll the ball between objects into the goal (width 60-50 


2 . 2.10 085 <015 1.75 0.85 <0.05 1.85 0.99 <0.15 
cm, distance 1.5-2 m) 

3 Throw the ball to the teacher with both hands from below 210 1.02 <0.05 250 051 <0.05 240 068 <0.05 
and from the chest 

4 Catch the ball thrown by the teacher (distance - 1.5 m) 1.85 0.88 <010 1.75 0.85 <0.05 1.65 1.09 >0.20 

5 Throw the ball (weight 100 g) at a horizontal target from a 0.85 067 <0.10 2.25 0.85 <0.05 185 0.99 >0.20 


distance of 1.5-2.0 m 


grow the ball wu beth bands tromthechestand Hom. as, 46 “2001 5.00: 1408-2008 Aa “DRY 3000 
below into a basket standing on the floor (distance - 2 m) 
After throwing the ball on the floor, try to catch it two or 

three times in a row 

Throw the ball (weight 100 g) with the right and left hands 
8 ata vertical target (the height of the center of the targetis 1.00 0.79 >.20 1.25 0.44 <0.01 1.30 0.86 <0.10 
1.2 m above the floor, the distance to the target is 1.5 -2.0 m 
Throw a ball (weight 100 g) with the right and left hands at 
a distance (a distance of at least 3-5 m) 


1.00 0.79 >20 0.50 0.51 <0.05 0.75 1.02 <0.05 


3.00 0 <0.01 2.25 0.44 <0.01 2.50 0.61 <0.05 


Table 4. Comparison of the results of performance by 4-year-old girls motor actions with different handedness 


Asymp. 
Denes Mean Rank Sum of Rank U W Z sig : 
(2-talled) 

A (n=20) L (n=20) A (n=20) L (n=20) 
1 25.13 15.88 502.5 317.5 107.5 317.5 -2.693 0.007 
2 22.75 18.25 455.0 365.0 155.0 365.0 -1.297 0.195 
3 18.75 22.25 375.0 445.0 165.0 375.0 -1.057 0.290 
4 2113 19.88 422.5 397.5 187.5 397.5 -0.365 0.715 
5 13.00 28.00 260.0 560.0 50.00 260.0 -4.254 0.000 
6 17.75 23.25 355.0 465.0 145.0 355.0 -1.718 0.046 
7 24.00 17.00 480.0 340.0 130.0 340.0 -2.063 0.039 
8 18.75 22.25 375.0 445.0 165.0 375.0 - 1.068 0.286 
9 28.00 13.00 560.0 260.0 50.00 260.0 -4.837 0.000 

A (n=20) R (n=20) A (n=20) R (n=20) 
1 19.58 21.43 391.5 428.5 181.5 391.5 -0.593 0.553 
2 21.90 19.10 438.0 382.0 172.0 382.0 -0.803 0.422 
3 19.20 21.80 384.0 436.0 174.0 384.0 -0.771 0.441 
4 21.33 19.68 426.5 393.5 183.5 393.5 -0.466 0.641 
5 14.85 26.15 297.0 523.0 87.0 297.0 -3.205 0.000 
6 18.00 23.00 360.0 460.0 150.0 360.0 - 1.483 0.138 
7 22.65 18.35 453.0 367.0 157.0 367.0 -1.239 0.215 
8 18.80 22.20 376.0 444.0 166.0 376.0 -0.982 0.326 
9 25.00 16.00 500.0 320.0 110.0 320.0 -3.354 0.000 

L (n=20) R (n=20) L (n=20) R (n=20) 
1 15.88 25.13 317.5 502.5 107.5 317;5 -2.686 0.007 
2 19.88 21.13 397.5 422.5 187.5 397.5 -0.362 0.717 
3 21.00 20.00 420.0 400.0 190.0 400.0 -0.305 0.760 
4 20.75 20.25 415.0 405.0 195.0 405.0 -0.141 0.888 
5 22.75 18.25 455.0 365.0 155.0 365.0 -1.288 0.198 
6 21.50 19.50 430.0 390.0 180.0 390.0 -0.581 0.561 
7 20.00 21.00 400.0 420.0 190.0 400.0 -0.302 0.763 
8 20.38 20.63 407.5 412.5 197.5 407.5 -0.079 0.937 
9 17.88 23.13 357.5 462.5 147.5 357.5 -1.644 0.100 


Note: Mann-Whitney U, Wilcoxon W; a reliably significant difference between the two means is highlighted in color 
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Table 5. Results of performance of motor actions by 5-year-old girls with different handedness 


N Motor action 


1 Throw the ball from one hand to the other at different paces 
Hit the ball on the floor while standing still (12 repetitions), 
Throw the ball with the other to the child with two hands 
from the chest, 

Throw the ball from behind the head while standing or 
moving forward 

Catch the ball from different starting positions 

Catch the ball after bouncing off the floor 

Throw and catch the ball with both hands (up to 20 times 
in a row 

Hit the wall with the ball 

Throw the stuffed ball (weight 1 kg) to another child 

10 Catch a stuffed ball 

Throw a small ball into a ring at a height of 2.2 m from the 
floor 

Throw objects (bag, ball) with the right and left hands at 
3-5m 

13 Throw a ball (weight 100 g) at a moving target 


ies) 


12 


When comparing grades, it was found that 7 grades dif- 
fered by a statistically significant amount for girls from A 
and L, 4 grades for girls from A and R, and 4 for girls with L 
and R - 3 (Table 6). 


Discussion 


During the preschool period, the formation and fur- 
ther development of the child’s motor function take place 
(Wilmore et al., 2012; Katzmarzyk & Silva, 2013). Therefore, 
in this period, one of the defining tasks for teachers, pedia- 
tricians, and psychologists is to ensure a targeted impact on 
the child’s motor function (Herasymchuk et al., 2014; Iedy- 
nak & Galamanzhuk, 2017). For this, physical exercises are 
used, which, as well as motor actions used in everyday life, 
is necessary to teach the child (Altavilla & Di Tore, 2016; 
Galamanzhuk & Iedynak, 2016). Therefore, considerable at- 
tention is paid to this issue in the preschool period and the 
search for effective criteria for the individualization of edu- 
cation and child development is carried out (Galamanzhuk 
et al., 2019). One of the promising criteria is the handedness 
of each child (Gintiirkiin et al., 2020; Ratini, 2021). 

The data obtained at each age testified to the existence 
of peculiarities in the quality of performance of motor ac- 
tions by girls with different handedness. So, at 3 years old, 
the result was as follows: for the highest score of “3”, girls 
from A and R performed one motor action each, girls from 
L - three, for the lowest score of “1” - respectively 9, 10 and 
6 actions out of all 14 offered. When comparing the grades, 
their discrepancy was found (at the level of p = 0.05+0.0001), 
namely: the girls from L had 8 of these when compared with 
the grades of girls from A and R, as well as 6 - when compar- 
ing the grades in the last two samples. 

At the age of 4, the comparison of grades showed that 
girls with A significantly (at the level of p = 0.05+0.001) dif- 
fered by 5 and 2 grades from those obtained by girls with L 
and R; in the latter, the assessment for the performance of 
one motor action differed. 


girls with A (n=20) 


girls with L (n=20) 


girls with R (n=20) 


M SD KS,p M_ SD KS,p M_ SD _ K-S,p 
2.00 0.56 <0.05 2.00 1.03 <0.05 210 0.72 <015 
1.95 1.10 >0.20 1.50 0.89 <0.01 1.35 0.81 <0.05 
2.15 0.67 <0.10 2.25 0.85 <0.05 2.05 0.76 >0.20 
1.75 1.07 >0.20 2.50 0.89 <0.01 2.25 0.85 <0.05 
1.70 0.73 <0.10 1.00 0.73 <015 115 049 <0.01 
180 1.01 <0.10 1.75 0.85 <0.05 210 0.79 >0.20 
130 0.73 <0.10 2.25 0.85 <0.05 2.05 0.89 <0.15 
185 0.67 <0.10 2.75 0.44 <0.01 2.20 0.77 <0.15 
1.70 0.47 <0.01 2.50 0.51 <0.05 185 0.88 >0.20 
2.15 0.37 <0.01 2.00 0.73 <0.15 180 1.01 >0.20 
2.10 1.02 <0.01 150 115 >0.20 145 069 <0.01 
3.00 0 <001 275 0.44 <001 300 0 <001 
180 0.83 <0.01 100 0 <001 145 0.94 <0.10 


At the age of 5, by comparison, the following was estab- 
lished: in girls with A, 7 and 4 grades differed (at the level of 
p =0.05+0.001) from those obtained by girls with L and R; in 
the latter, the score for performing 3 motor actions differed. 

One of the reasons for this result is the connection 
of handedness in the human motor cortex, which is quite 
strong because r = -0.76 (p = 0.01) (Volkmann et al, 1998). 
At the same time, the expansion of the hand motor cortex 
in the dominant hemisphere may provide extra space for 
the cortical encoding of a greater motor skill repertoire of 
the preferred hand. As noted by (Gainotti, 2015), manual 
experience acquired during tool manipulation can influence 
the hemispheric representation of tools and other artifacts. 

The data of our study confirm that the performance of 
motor actions, which children learned during the school year, 
contributed to an increase in the level of motor function de- 
velopment. But the results of girls with different handedness 
were not the same, which was associated with a complex of 
characteristics. Some of the main ones were satisfactorily ex- 
plained as follows: with an increase in the complexity of the 
motor action, the volume of brain areas that are sequentially 
involved in its implementation increases, and contralateral 
and ipsilateral activations also increase; it provides intensive 
development of motor function (Gut et al., 2007). Important 
to the above is also the data that, regardless of handedness, 
when performing a motor action with the non-leading hand, 
both hemispheres are involved in this activity (Scharoun & 
Bryden, 2014; De Kovel et al., 2019). 

In addition, the obtained data were associated with dif- 
ferences in the development of the physical condition of 
children with different handedness (Galamanzhuk, 2015). 

In a practical aspect, the obtained data will contribute 
to increasing the results of teaching children new motor ac- 
tions. Also, these data are important, because they comple- 
ment the idea of the manifestation of different degrees of 
freedom in the functioning of cortical structures of children 
with different handedness. 

We see the prospect of further research in obtaining 
information related to the selection of flexible, diverse, 
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Table 6. Comparison of the results of performance by 5-year-old girls motor actions with different handedness 


Motor aoe P- 
action (N) Mean Rank Sum of Rank U WwW Z Sig 
(2-talled) 
A (n=20) L (n=20) A (n=20) L (n=20) 
1 20.50 20.50 410.0 410.0 200.0 410.0 0.000 1.000 
2 23.13 17.88 462.5 357.5 147.5 357.5 -1.521 0.128 
3 19.50 21.50 390.0 430.0 180.0 390.0 -0.582 0.561 
4 16.38 24.63 327.5 492.5 117.5 327.5 -2.440 0.015 
5 25.00 16.00 500.0 320.0 110.0 320.0 -2.630 0.009 
6 21.25 19.75 425.0 395.0 185.0 395.0 -0.426 0.670 
7 14.88 26.13 297.5 522.5 87.5 297.5 -3.195 0.000 
8 13.75 27.25 275.0 545.0 65.0 275.0 -3.980 0.000 
9 14.00 27.00 280.0 540.0 70.0 280.0 -4.019 0.000 
10 21.63 19.38 432.5 387.5 117.5 387.5 -0.736 0.461 
11 23.9 17.5 470.0 350.0 140.0 350.0 -1.721 0.095 
12 23.0 18.00 460.0 360.0 150.0 360.0 -2.360 0.018 
13 26.00 15.00 520.0 300.0 90.0 300.0 -3.797 0.000 
A(n=20) R(n=20) A(n=20) R(n=20) 
1 20.30 20.70 406.0 414.0 196.0 406.0 -0.115 0.909 
2 24.03 16.98 480.5 339.5 129:5 339°: -1.989 0.047 
3 21.20 19.80 424.0 396.0 186.0 396.0 -0.413 0.680 
4 17.88 23.13 357.5 462.5 147.5 357.5 -1.497 0.134 
5 24.53 16.48 490.5 329.5 119:5 329.5 -2.503 0.012 
6 19.05 21.95 381.0 439.0 171.0 381.0 -0.832 0.405 
7 16.18 24.83 323.5 496.5 113.5 323.5 -2,471 0.013 
8 17.90 23.10 358.0 462.0 148.0 358.0 -1.519 0.129 
9 19.40 21.60 388.0 432.0 178.0 388.0 -0.663 0.507 
10 22.40 18.60 448.0 372.0 162.0 448.0 -1.152 0.249 
ll 23.88 17.13 477.0 342.5 132.5 477.0 -2.044 0.041 
12 20.50 20.50 410.0 410.0 200.0 410.0 0.000 1.000 
13 22.23 18.78 444.5 375.5 165.5 375.5 -0.984 0.325 
L(n=20) R(n=20) L(n=20) R(n=20) 
1 20.00 21.00 400.0 420.0 190.0 400.0 -0.289 0.773 
2 20.88 20.13 417.5 402.5 192.5 402.5 -0.239 0.811 
3 22.00 19.00 440.0 380.0 170.0 380.0 -0.866 0.386 
4 22.38 18.63 447.5 372.5 162.5 372.5 -1.180 0.238 
5 19.38 21.63 387.5 432.5 177.5 387.5 -0.707 0.480 
6 18.13 22.88 362.5 457.5 152.5 362.5 -1.365 0.172 
Z 21.75 19.25 435.0 385.0 175.0 385.0 -0.726 0.468 
8 24.50 16.50 490.0 330.0 120.0 330.0 -2.458 0.014 
9 21.38 19.63 427.5 392.5 182.5 392.5 -0.507 0.612 
10 21.50 19.50 430.0 390.0 180.0 390.0 -0.572 0.567 
ll 20.75 20.25 415.0 405.0 195.0 405.0 -0.144 0.886 
12 18.00 23.00 360.0 460.0 150.0 360.0 -2.360 0.018 
13 17.00 24.00 340.0 480.0 130.0 340.0 -2.196 0.028 


Note: Mann-Whitney U, Wilcoxon W, the particularly significant difference between the two means is highlighted in color 


non-programmed strategy options for the implementation 
of various activities (Kuhl & Kazen, 2008; Porac, 2016). 


Conclusions 


At each age of 3-5 years, the development and mani- 
festation of the motor function of girls when performing 
motor actions with their hands is marked by features due 
to handedness. At the age of 3, girls with A and R had the 
highest score for performing one motor action, girls with 
L had three, and the lowest score was 9, 10, and 6 of all 14 
actions, respectively. At the age of 4, for the highest score, 


girls from A performed only one motor action, girls from 
Land R - none, for the lowest score - 5, 5, and 6 motor ac- 
tions out of all 9 offered. At the age of 5, girls from A and R 
performed one motor action each for the highest score, girls 
from L -none, for the lowest score - 8, 6, and 5 motor actions 
out of all 13 offered. 

When comparing the scores obtained by girls with dif- 
ferent handedness, in most cases a statistically significant (at 
the level of p <0.05+0.0001) discrepancy was found in each 
age period of 3-5 years. 

To increase the effectiveness of the educational process, 
the teacher needs to pay more attention to the study of motor 
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actions, the performance of which was evaluated by girls 
with a certain preferred hand with low scores. 
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CTAH BUKOHAHHA PYXIB AIBYUATKAMIA 3-5 POKIB I3 PISHOIO 
MAHYAJIbHOW ACUMETPIEHW PYXOBUX AIM PYKAMU 


Jleca Tanamanxyk'?”, lOnia Cmonankxo”®®, Harania Iyquma'®”?, Jlapuca 


Banaypxa*’’, Tetana Muukan*”, Bonoyumup Mucis'©”*, Bonoyumup Mapuyx'©?F 


'Kam aHelb-[lopinpcpkuit HalioHambHuM yHiBepcutet imei IpaHa OrienKa 
*HanjionanbHun yHipepcutet «YepHiripcbkum KoneriyM» imeni T.I. Iesuenka 
*YepHiBeljbKMM HalioHabHuM yHiBepcutet imeni IOpia DenbKoBuua 
‘IIpukapnatcbKui HavioHaibHM yHiBepcuteT imeni Bacuna Crebannxka 


ABtopcebknit Bkiag: A - qu3aiiH focnippKenus; B - 36ip faux; C - ctaranamis; D - nigzrotoBKa pyKonncy; E - 36ip komTis 


Pecepar. Crarra: 10 c., 6 Ta67., 36 mpKepell. 


Meta JocnispKeHHA NOALala y BASHAYeEHHI CTaHy BUKOHaHHA JjiByaTKaMM 3 pisHO1O MaHyasIbHOW acMeTpiew pyXxoBUx pit 
pykKaMM, WO BCTaHOB/IO€ UMHHa WporpaMa AVIA KOX*KHOLO Biky Hepiopy 3-5 poxis. 

Matepiamn Ta Metoau. Y jocnispKeHHi B3A10 yuacTb 60 AiByaTOK (MOpiBHO 3 1paBOK, iBOIO JOMiHYyIOUO!O PyKOW Ta aMOi- 
HeKcTpieto), KOKHa BID Bis yBasla 3ak/af, JOWIKiIbHOI OCBITM, a Ha MOMEHT HOuaTKy JOCIIPKeHHA BiK KOXKHO! 3HaXOMMBCA B MeXKAX 
3 poxis 5 Micauis 2 4HiB fo 3 poxis 5 Micauis i 29 quis. [na ofeppKaHHA HeOOxifqHMX FaHUXx Oy10 BUKOpUcTaHO pyxoBi Jil, WO 
BU3HaveHi YAHHOW NporpaMOW posBUTKy JUTMHU y FOWKiIbHMM Nepiog. OuiHIOBaIIM AKiCTb BUKOHAHHA JiBYATKAMU KOKHOI BI- 
3HayeHOi pyXoBOl fii, Wpouesypa BinOyBanaca y CidHi KOXKHOFO HOBOFO HaBYaJIbHOLO POKY, TOOTO KOM JiBYaTKaM Oy0 cnowaTKy 
3 pOKU, MOTIM 4 Ta 5 poKis. 

Pesynpratn. KoxHnit Bik Hepiogy 3-5 poKis Biq3HadaeTDCA 3YMOBJIEHUMM MaHya/IbHOW aCMeTPpici0 OCOOMMBOCTAMM PO3Bi- 
TKy i BMABy MOTOpHOi PyHKuii FiBYaTOK NPM BUKOHAHHi PyxoBNx Ji pykamu. IIpu ubomy, OinbulicTh pyxoBux Jit BAKOHYBamaca 
MiBYaTKaMM KOKHOI BUOIpKM Ha HWKYMM Bi] MaKCMMambHOTO Oar. Lle He cipuAe iHTeHCMBHOMY PO3BMTKY MOTOPHO! dyHKuii 
WiBYATOK, WO Bi[PisHAETbCA Bil] 3aBaHHA, AKe BUSHAYEHO YMHHO!W MporpaMowW [VA 3akM1afiB FOWKINIbHOI OcBiTU. IlopibHio1o4n 
pe3yibTaTv JiByaTOK i3 pisHO1O MaHya/IbHOW acMeTPieIo BUABMWIM, WO y OimbMIOCTi pyxOBUX ji OfepxKaHi 3a BAKOHAHHA OWHKM 
BiJPisHAIOTbCA Ha CTATMCTUYHO 3HaYyIy BeEMUMHY, IpM4OMy B KOKHOMY Billi JOCHippKyBaHOro Mepiopy. 

Bucuosku. BcraHoBieHHA OCOOMBOCTeM Y AKOCTi BUKOHAHHA J{iBYaTKAMM 3 PisHOO MaHya/IbHOW aCMMeTPiel pyXOBUX fil 
pyKaMM B KOxKHOMYy Bilji Hepiogy 3-5 poKiB € BaXxKIMBUM 3aBsaHHAM. JIA 30ipuleHHA AieBOcTi OCBITHBOrO Hpouecy Hearory 
HeOOxifHO MiBULIMTM yBary JO BABYCHHA TMX pyXOBMX ili, AKi B JiBYATOK i3 MeBHOIO MaHya/IbHOW acMeTpiew Oyu onineHi 
HM3bKMMM OaaMu. 

Karoyosi cnosa: fiByaTKa, JOWIKiIbHUKM, MaHyaJIbHa aCMMeTpis, MOTOpHa PyHKUiA, pOSBUTOK. 
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Abstract 


The aim of this study was to determine the interconnection between physical abilities and fundamental motor skills 
in preschool children. The aim was also to determine the differences in the observed variables in relation to gender. 
Materials and methods. The testing successfully included 52 preschool children, 30 boys and 22 girls. Five tests of 
physical ability (modified agility “T” (MAT) test, broad jump test, standing balance test, squat test and sit up test) 
were used, and fundamental motor skills were assessed with the Test of Gross Motor Development, 3rd edition 
(TGMD-3). One-way ANOVA was used to determine the effects of gender on results in physical abilities and 
fundamental motor skills. The Pearson product-moment correlation coefficient was used to determine the relation 


between physical abilities and fundamental motor skills. 


The results of this work indicated, in most cases, a moderate and significant correlation of fundamental motor skills 
and parameters of physical abilities both in the total sample and also individually in boys and girls (p < 0.05). A 
significant difference in almost all variables of physical abilities and fundamental motor skills was noted in favor of 
boys (p < 0.05 and p < 0.01), except for the Standing balance test which indicated that there were not considerable 


differences between the sexes (p > 0.05). 


Conclusions. So it can be concluded that the information obtained can lead physical education educators to better 
understanding of the relations between motor status variables, which further enables them to work effectively with 
children who will, by virtue of a proper physical development and education, become and remain physically active 


throughout their life. 


Keywords: gross motor development, children, agility, strength, balance. 


Introduction 


Motor development can be defined as the gradual ac- 
quisition of control and/or the use of more and less muscle 
mass. Due to the interaction of the nervous and muscu- 
lar systems, which enables the child to skillfully navigate 
in space, manipulate objects and explore the world around 
him, it is often called “perceptual-motor development’, as 
well as “physical or motor coordination” (Williams & Mons- 
ma, 2006). Gross motor development in early childhood is 
important for achieving greater interaction with the envi- 
ronment (Kit et al., 2017) and is recognized as a means of 
assessing the overall level of child development during the 
earliest months and years of their life (Dewey et al., 2002). 


© Milenkovic¢, D., 2022. 
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In addition to acquiring and improving the level of physical 
abilities, motor development is also characterized by master- 
ing motor skills, which begins from the earliest childhood 
and lasts until adulthood (Milenkovié¢, 2021). 

Even O’Brien & Hayes (1994) and Williams (1983) consid- 
ered the period from 2 to 6 years of one’s life to be the “golden 
age” of motor development, and modern research recognizes 
it as being a valid assertion (Figueroa & An, 2017; Goodway, 
Ozmun & Gallahue, 2021; Pedersen & Hansen, 2022). In the 
course of the aforementioned period, children create a basis for 
the functioning of the body for the later stage of development 
through the acquisition of a large number of fundamental lo- 
comotor and manipulative skills, because the early years are the 
basis for neuromuscular coordination that each individual uses 
throughout life to engage in many mental, social, emotion- 
al and recreational dimensions of life (Williams & Monsma, 
2006). Locomotor skills are the movement of the body through 
space and include walking, running, jumping, galloping, 
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climbing, descending, sliding, while manipulative are the skills 
of controlling objects and include throwing, catching, hitting, 
kicking, shooting, etc. (Haywood & Getchell, 2020). 

Motor skills improve in the established order from the 
most fundamental to the most complex voluntary move- 
ments that keep improving by constant exercise (Milenkovic¢, 
2021). The learning process and the basis for the development 
of motor skills are closely connected with play and physical 
activity in which different motor skills are used (Cech & 
Martin, 2012; Riethmuller, Jones & Okely, 2009). Children 
have a natural tendency to study their body and the world 
around them, while developing their motor skills (Williams 
& Monsma, 2006). Most developmental changes in motor 
performance over time are considered a product of maturity 
and general interaction with the environment and occur lin- 
early (Haubenstricker & Seefeldt, 1986), however, it has been 
shown that children can learn motor skills if appropriate 
training programs are implemented and if sufficient exercise 
time is provided (Zipp & Gentile, 2010; Brown, 2010; Palmer 
et al., 2020), because motor skills are significantly correlated 
with cognitive development factor (Iivonen & Saakslahti, 
2014; Van der Fels et al., 2015; Gandotra et al., 2022). 

The factors which motor skills depend on concern the 
growth and development of the body, physical and cardiore- 
spiratory abilities required to perform motor skills (Haapala, 
2013), then the maturation of the central nervous system 
(Pecuch et al., 2021), talent (Faber et al., 2020) and at the 
end on constant physical activity (Iivonen et al., 2013), ie. 
practicing and improving motor skills (Milenkovic, 2021). 
The dynamics of changes in motor skills is not the same in 
every child of the same age, often due to the amount of time 
the child has spent practicing a certain skill, which affects 
the lower or higher level of motor competence and ability 
to participate in physical activity (Hands, 2008). In terms of 
overcoming these differences, physical education as an orga- 
nized physical exercise offers a variety of contents that allow 
children to try on different activities, meeting their needs for 
movement and expanding the range of their motor skills and 
quality of their performance, which makes them ready for 
everyday life (Mostafavi et al., 2013; Loras, 2020). 

The proven reliable and valid Test of Gross Motor Devel- 
opment (TGMD) by D.A Ulrich is often used for the research 
purposes to assess motor development in children. After the 
first edition of the test (Ulrich & Sanford, 1985) which had 
the task of dealing with shortcomings in instruments for as- 
sessing motor behavior (lack of standardization, difficulties 
in identifying specific aspects of movement, impossibility 
of mutual comparison), a second edition appeared (Ulrich, 
2000 ) as an improvement of the tests from the first edi- 
tion with the criterion and normative standardization (Kit 
et al., 2017). An even newer third edition of this test (Ulrich, 
2016) also allows a successful assessment of motor develop- 
ment intended for children from 3 to 10 years of age, both in 
healthy children (Maeng, Webster & Ulrich, 2016; Rintala, 
Saakslahti & Iivonen, 2017; Mohammadi et al., 2017), and 
in children with certain developmental disabilities (Allen 
et al., 2017). Editions of this test provide an effective tool 
for assessing fundamental motor skills. There is a relatively 
acceptable matching between TGMD-2 and TGMD-3 in the 
obtained raw scores and somewhat less strength for percen- 
tile scores, which indicates similarity, but not interchange- 
ability of these editions (Palmer et al., 2021). 


This research aims to determine the relationship be- 
tween physical abilities and fundamental motor skills in pre- 
school children. It is also necessary to determine the differ- 
ences in the observed variables in relation to gender. 


Materials and methods 


Participants 


60 preschool children took the test. The testing was suc- 
cessfully completed by 52 children, 30 boys and 22 girls (Ta- 
ble 1). The written permission of the parents of all children 
to participate in this research was obtained, as well as the 
consent of the children themselves. The research was orga- 
nized in accordance with the recommendations for clinical 
research given by the World Health Organization (WHO) 
within the Helsinki Declaration (2013). 


Measuring instruments 


Physical Fitness. Five tests were used in the testing, which 
have so far been found to be reliable and valid for assessing 
physical abilities (tests of agility, explosive and repetitive 
strength and balance). A closer look at the procedures and 
the scoring systems can be found on the Topend Sports web- 
site (Wood, 2008): 

¢ Modified agility ,T“ (MAT) test (Sassi, et al., 2009); 

¢ Broad jump test (Castro-Pinero et al., 2010); 

e Standing balance test (Sarabon & Omejec, 2007); 

e Squat test (30sec) (Blazevich, Gill & Newton, 2002); 

¢ Sit up test (30sec) (Ojeda, Maliqueo & Barahona- 

Fuentes, 2020). 

The Witty Timing System (Microgate, Bolzano, Italy) 
was used to measure the time when performing the Agility 
T test. A digital stopwatch was used to measure time when 
performing other physical fitness tests. A measuring tape 
was used for the Broad jump test. 

Fundamental Motor Skills. The Test of Gross Motor De- 
velopment - 3rd edition (TGMD-3) (according to Ulrich, 
2016) was used in the testing. TGMD-3 is a criterion-based 
and normatively standardized test that assesses the funda- 
mental motor skills of children aged 3 to 10. The TGMD-3 
consists of a locomotor and ball skills subtest. The Locomo- 
tor subtest measures fundamental motor skills that require 
fluent and coordinated movement of the child, while the Ball 
Skills subtest measures fundamental motor skills that dem- 
onstrate the movements of efficient throwing, catching and 
striking. Each motor skill is assessed through three to five 
criteria based on whether the criterion is met (1 point) or not 
(0 points). For each motor skill, two attempts are evaluated, 
after which the points obtained for each criterion within the 
performed motor skill are added up. The maximum score 
that a respondent can achieve on the TGMD-;3 is a total of 
100 points, 46 points on the locomotor subtest and 54 points 
on the ball skills subtest. The usual duration of TGMD-3 is 
15-20 minutes per the testee. 


Testing procedure 


Testing of physical abilities and fundamental motor 
skills was performed by trained investigators in the gym 
of the preschool institution. Two days earlier, a trial test 
was organized to prepare the children for the complete 


562 


Milenkovic¢, D. (2022). Relation Between Physical Abilities and Fundamental Motor Skills in Preschoolers 


procedure they would undergo during the experimental 
testing. A warm-up of 15 minutes was performed before 
each test. Each of the tests of physical abilities was repeated 
three times, so the best result was taken for further analysis. 
After completing each test and before moving on to the next, 
there was a 5-8 minutes break in order to avoid negative ef- 
fects on testing caused by fatigue. TGMD-3 was performed 
according to the description presented earlier. 

When it comes to assessing fundamental motor skills, 
before the implementation of TGMD-3, investigators were 
specially trained to administer the test. In order to ensure 
the interrater-reliability of TGMD-3, two investigators that 
underwent a standardized measurement procedure, inde- 
pendently assessed the performance of the subjects. After 
completing the testing of physical abilities and fundamental 
motor skills, data processing began. 


Statistical analysis 


In addition to the descriptive parameters (Mean + 
St.Dev) for all variables, the one-way ANOVA was used to 
determine the effect of gender on scores in physical abilities 
and fundamental motor skills. The Pearson product-moment 
correlation coefficient was used as well to determine the rela- 
tion between physical abilities and fundamental motor skills. 
The Pearson product-moment correlation coefficient can be 
interpreted as the effect size and it indicates the strength of 
the relation between the two variables. According to Cohen's 
(1988), the correlation coefficient of .10 and above is consid- 
ered a weak or small correlation, of .30 and over represents a 
moderate correlation, and of .50 or over represents a strong 
or large correlation. Statistical significance was established at 
the levels of p < 0.05 and p < 0.01. 


Results 


The following chapter presents the obtained research 
results in change of direction speed, explosive strength and 
running speed (Tables 1 and 2), as well as their interpretation. 


Table 1. Descriptives (Mean+St.Dev) and difference 
between genders 


Indicator Total (n=52) Boys (n=30) Girls (n=22) 
Age (y) 5.74 £0.9 5.46405 5.83 +0.9 
TGDM-3 (raw score) 65.50 + 10 69.93 +8.4° 59.45 +8.7 
pane 29.3145.8  32.0344.6> 25.59 45.3 
— Is subtest (raw 3659449 © 38.07 44.5 33.8644.3 
MAT test 9.61 + 0.3 9.41 +0.3° 9.88 +0.2 
Broad jump test 113.06 + 8.79 117.10 +7.4* 107.55 +7.6 
Standing balance test 41.044 4.3 40.19+5.3 42.18 +1.8 
Squat test 2115 #17 21.63 +1.8° 20.50 +1.4 
Sit up test 10.08 42.4 11.1742.3° 8.59 +1.9 


‘Significance between boys and girls p < 0.05; 
*Significance between boys and girls p < 0.01; TGDM-3 - 
Test of Gross Motor Development - 3" edition 


Table 1 contains descriptive data of all variables of this 
study presented in total and by gender. Variables include 
total TGMD-3 score, locomotor subtest score, ball skills sub- 
test score, and physical ability tests (MAT test, Broad jump 
test, Standing balance test, Squat test and Sit up test). If the 
difference between boys and girls is observed, significantly 
better results of boys in relation to girls can be determined 
for almost all variables: TGMD-3 (F = 19.03, p < 0.001), 
locomotor subtest (F = 22.05, p < 0.001), ball skills subtest 
(F = 11.43, p < 0.001), MAT test (F = 45.73, p < 0.001), 
Broad jump test (F = 20.81, p < 0.001), Squat test (F = 5.89, 
p = 0.019) and Sit up test (F = 18.19, p < 0.001). Significant 
differences between boys and girls were not observed in the 
Standing balance test (F = 2.86, p = 0.097). 


Table 2. Pearson correlation coefficient between TGDM-3 
scores (total and by subtests) and physical fitness by gender 


Indicator Aes 
Total Boys Girls 
TGDM-3 -0.759° -0.628° -0.797° 
Locomotor skills subtest -0.767° -0.606° -0.724° 
Ball skills subtest -0.666° -0.613° -0.646° 
Broad jump test 
TGDM-3 0.767? 0.637? 0.784? 
Locomotor skills subtest 0.744? 0.615° 0.636? 
Ball skills subtest 0.697° 0.566? 0.803° 
Standing balance test 
TGDM-3 0.391° 0.590° 0.605> 
Locomotor skills subtest 0.279" 0.468° 0.584° 
Ball skills subtest 0.431° 0.596? 0.5208 
Squat test 
TGDM-3 0.788° 0.702° 0.691 
Locomotor skills subtest 0.810° 0.819% 0.628° 
Ball skills subtest 0.658" 0.549° 0.588° 
Sit up test 
TGDM-3 0.728 0.696" 0.565> 
Locomotor skills subtest 0.720° 0.650° 0.522 
Ball skills subtest 0.623° 0.634? 0.432° 


‘Significant correlation is p < 0.05; 
'Significant correlation is p < 0.01; TGDM-3 - Test of Gross 
Motor Development - 3" edition 


The relation between physical abilities and fundamental 
motor skills (shown as the total score of TGMD-3, locomo- 
tor subtest and ball skills subtest) are given in Table 2. 

When analyzing the total sample a significant correla- 
tion is perceived which is mostly of strong effect size be- 
tween almost all tests of physical abilities and the total result 
of TGMD-3 (MAT test -0.759; Broad jump test 0.767; Squat 
test 0.788; Sit up test 0.728), except Standing balance test 
0.391 with moderate effect size. It is similar in the case of 
the connection of physical abilities with subtests: locomotor 
subtest (strong effect size: MAT test -0.767; Broad jump test 
0.744; Squat test 0.810; Sit up test 0.720; small but signifi- 
cant correlation: Standing balance test 0.279) and balls skills 
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subtest (strong effect size: MAT test -0.666; Broad jump test 
0.697; Squat test 0.658; Sit up test 0.623; moderate effect size: 
Standing balance test 0.431). 

When the sample is observed from the gender point of 
view, a significant correlation between the variables of physical 
abilities and fundamental motor skills is noticed in both boys 
and girls. In boys, there is a strong and significant correlation of 
all tests of physical abilities with the overall result of TGMD-3. 
Results are the same both in locomotor and ball skills subtests. 
In girls, most coefficients between physical abilities and sub- 
tests are significant and strongly correlated, except moderate 
effect size between ball skills subtest and Sit up test (0.432). 


Discussion 


The aim of this study was to determine the connexion 
between physical abilities and fundamental motor skills in 
preschool children. It was also necessary to determine the 
differences in the observed variables in relation to gender. 

Observing the connection between physical abilities and 
fundamental motor skills, the results of this paper indicate in 
most cases a moderate and significant correlation of funda- 
mental motor skills and physical ability parameters in the to- 
tal sample and also individually in boys and girls (p < 0.05). 
Similar results can be found in other researches dealing with 
the physical performances of preschool children. Burns, 
Brusseau & Hannon (2017) found a significant correlation 
between ball skills subtest and physical performances, but 
on the other hand, there was no significant interconnection 
between locomotor subtest TGMD-3 and physical perfor- 
mances. However, the relation between the parameters of 
fundamental motor skills and physical abilities is dynamic 
and can change during the childhood, so the development of 
object management skills in childhood can be important for 
the development and maintenance of physical abilities dur- 
ing childhood and adolescence (Stodden et al., 2014). This 
dynamic relation between motor competence and physical 
ability keeps strengthening with age (Utesch et al., 2019), 
which has been fully accepted by Stodden et al. (2008), in- 
dicating that physical ability plays the role of mediator in 
the emergent relationship between motor competencies and 
physical activities and that as a child is growing from early 
to middle childhood, the relationship of these elements from 
the initial weak connection is becoming stronger. 

It is considered that the cause of low levels of physi- 
cal activity in children is an insufficient level of physical 
abilities, as well as a lack of motor competence, ie. low level 
of fundamental motor skills (Erwin & Castelli, 2008). The 
research shows that the relation between physical param- 
eters and fundamental motor skills is significantly related to 
the general level of physical activity in children (Castelli & 
Valley, 2007; Logan et al., 2015; Webster, Martin & Staiano, 
2019; Hu, Wu & Kong, 2022), which also affects later age, 
as active children become active adults (Janz, Dawson & 
Mahoney, 2000). Any movement in the form of free activity 
has a positive effect on fundamental motor skills (Kracht, 
Webster & Staiano, 2020; Li, Yin, Sun & Gao, 2022), which 
is also true for the impact of organized programs on physi- 
cal performances through cardiorespiratory endurance and 
fundamental motor skills as well (Brusseau et al., 2018). 

When it comes to the differences in the observed vari- 
ables of physical abilities and fundamental motor skills in 


relation to gender, the results of this study showed a sig- 
nificant difference in almost all variables of physical abili- 
ties and fundamental motor skills in favor of boys (p < 0.05 
and p < 0.01), except for the Standing balance test in which 
there are not significant differences (p > 0.05). These results 
are consistent with previous research that suggests similar 
conclusions (Robinson, 2011; Bonvin et al., 2012; Vameghi, 
Shams & Dehkordi, 2013; Mnejja et al., 2022). Barnett et al. 
(2010) concluded that boys control objects better than girls, 
and Goodway, Robinson & Crowe (2010) who dealt with 
determining the difference between boys and girls in object 
control and locomotor skills, agree upon that matter. The 
reason for such differences between boys and girls can be 
found in the various leisure activities and games which chil- 
dren participate in. It is common for boys and girls to play 
in different ways during their childhood and some of these 
activities are in a greater extent in favor of the development 
of physical abilities and motor skills in boys, and to a lesser 
extent in girls. In addition to the different ways of playing, 
the cultural and social factors of the environment in which 
children grow up also make a certain contribution, so dolls 
are intended for girls, and balls and other sports equipment 
for boys. Boys are directed to ball games, climbing, skipping, 
dragging and other more “dangerous” activities, while safer 
games with less physical engagement are intended for girls. 
In this regard, children’s development should not only rely 
on free activities, but, already confirmed by numerous other 
studies (Roth et al., 2015; Salaj, Krmpotic & Stamenkovic, 
2016; Johnson et al., 2019; Hudson, Ballou & Willoughby, 
2021), it is also necessary to conduct programmed exer- 
cise within institutionalized physical education, initially in 
preschool and then later in school institutions (Milenkovic, 
2022). All the mentioned researches indicate a positive effect 
of organized and planned exercise on the development of 
physical abilities and fundamental motor skills in preschool 
children. In addition to the positive impact of free activities 
and play on motor development, working with children re- 
quires professional and organized physical exercise in appro- 
priate educational institutions. In that way, the difference in 
motor development between boys and girls can be reduced. 

The limitations of this research are in the small sample of 
respondents and the fact that the sample was taken from two 
preschool institutions. Capturing a wider population and a 
larger number of respondents would undoubtedly provide 
much more precise and reliable results. Besides, a number of 
physical performance parameters can be taken into account 
that would more fully cover all segments of motor skills. 
Nevertheless, this research provides sufficient information 
that can indicate the importance of motor development of 
preschool children and serve for some new research based 
on the previous ones, can result in more complete picture of 
this problem. 


Conclusion 


Due to the different levels of physical activity to which 
they are exposed, children may have a rich and varied move- 
ment experience versus children whose motor manifesta- 
tions are poor. This is why it is necessary to expose pre- 
schoolers to an appropriate level of physical activity that will 
cause adaptive changes in motor skills and enable the devel- 
opment of those skills. Institutionalized physical exercise in 
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the form of preschool physical education plays an important 
role in this process. In order to improve the motor status 
and proper development of the organism, the work program 
requires professional planning, diverse and interesting con- 
tent, adequate feedback, instructions and encouragement 
of educators as a contribution to raising self-confidence, es- 
pecially for children with poor motor skills. When it comes 
to the results of this research, the information obtained 
can help the physical education educators to achieve bet- 
ter understanding of the relationship between variables of 
motor status, which further allows them to work effectively 
with children who will become physically active throughout 
physical development and education throughout their life. 
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3B’A30K MIM O1SU4YHUMU 3QIBHOCTAMLU MA OCHOBHUMU 
PYXOBUMU HABUYKAMAY ITEM QOLWKIIbHOFO BIKY 


eau Minenxosina!4®© 


"Yuipepcutet Yuiou — Hixona Tecna 


Axstopcepknit Bkag: A — qu3aiiH focmippxenua; B - 36ip qanmx; C - ctaranamis; D - nigrotoBKa pyxonncy; E - 36ip komTis 


Peqepart. Crarra: 8 c., 2 Ta671., 66 ypKepen. 


Meroro boro FocTisPKeHHA Oyi0 BU3HAYMTM B3aeMO3B A3OK MLK CPi3M4HUMM 3iOHOCTAMU Ta OCHOBHMMM PpyXOBMMM Ha- 
BUYKAMM jfiTeM JOWKiIbHOrO Biky. MeTor Takox Oy10 BU3HAYMTM Bi,[MiHHOCTi COCTepexKyBaHMX 3MiHHUX y 3B 'A3Ky 3i CTaTTIO. 

Marepiann Ta Meroyu. YuacHukaMM TeCTyBaHHA YCiLIHO CTaM 52 JUTMHM FOUKiNbHOrO Biky: 30 XNONUNKiB i 22 FiB4unH- 
ku. BAKOpMCTOByBaIM IAT TecTiB Ha Pi3sm4Hi 3fiOHOCTI (Mo_MdiKoBaHMM TecT Ha cupuTHicTs «T» (MAT), recr Ha crpvOKu 
B JOBXKUHY, TecT Ha 30ep@KeHHA PiBHOBArM B MOMOKeHHi CTOAYM, TecT Ha Upucip, i TecT Ha Migiom Tymy6a B cig, is MOMO*KeHHA 
neKau), a OCHOBHi pyxXOBi HaBMIKM OHIOBaIM 3a WOUOMOroLW TecTy posBUTKy BeIMKOi MOTOpUKH, 3-Te BHaHHA (TGMD-3). 
J] BU3HAYeHHA BIVIMBY CTaTi Ha pesyibraTu PisM4HUX 3fiOHOCTeM Ta OCHOBHUX PpyXOBMX HaBMYOK BUKOPMCTOBYBasIM O/{HO- 
dakropyun pucnepciiunn avanis. [1a BUSHAIeHHA 3B A3Ky MDK Pi3M4HMMNM 3fiOHOCTAMM Ta OCHOBHMMM pyXOBMMM HaBMdKaMNn 
BUKOPUCTOByBaIM KoedivjieHt Kopenayii Tipcona. 

Pesyapratn wiel pobotm noKkasain B OimbUIOCTi BUTayKiB NOMipHy Ta 3Ha4dyLy KOpeALii0 OCHOBHUX PyXOBMX HaBMYOK 
i napamertpis dismunux 37iOHocTel AK y 3araibHin BuOipui, TaK M inpMBisyanbHO y XMOMYNUKiB i FiBYMHOK (ps0,05). Maipxe B 
ycix 3MinHMX Pi3sm4Hux 3fiOHOcTen i PyHsaMeHTaIbHMX PpyXOBMX HaBMYOK Bifj3HayeHa 3Hadya PisHMUA Ha KOPMCTb XIONYMKIB 
(ps0,05 ra ps0,01), 3a BMHATKOM TecTy Ha 30epexKeHHA PiBHOBArM B MOMOKeHHI CTOAYH, AKMM MOKa3aB, WO 3HAYHMX Bi[MiHHOC- 
Tei MK CraTamMM Hemae (p > 0,05). 

Bucuosku. TakiM YMHOM, MOKHa JiiITM BUCHOBKY, WO Ofep»KaHa incopMaljia Moxe IpuBectu BuUTeNiB PisM4HOrO BU- 
XOBaHHA [JO Kpaljoro po3yMiHHA 3B’ A3KiB MDK 3MiHHMMM PyXOBOTO CTaTycy, WO Hafjasli JO3BONUTD iM esbeKTMBHO T1paljioBaTu 3 
HiTbMY, AKi 3aBJAKU paBMAbHOMY (PisM4dHOMY PO3BUTKY Ta BAXOBaHHIO CTaHyTb i 3a/MWaTbCA Pi3M4HO AKTABHUMU IIpOTATOM 
YCbOLO 2KMTTA. 
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Abstract 


Study purpose. The objective of the study was to assess the relationship between quality of life and physical activity 


level and family well-being. 


Materials and Methods. The International Physical Activity Questionnaire (IPAQ) was used to assess parental 
physical activity. The quality of life was assessed with the Short Form (SF-36) Health Survey Questionnaire. The 

data obtained were processed using cluster and correlation analysis, and descriptive statistics. The study involved 

106 young adults (married couples), who were parents of preschool and primary school-aged children. 

Results. An assessment of parental physical activity showed that 62.3% of the respondents had a low level of physical 
activity and 37.7% had a moderate level, whereas no individuals with a high level of physical activity were found. 
Families with children were divided into clusters with the k-means method according to the level of physical activity: 
Cluster 1 included families with a low level of physical activity; and Cluster 2 included the families with a moderate 
level of physical activity. The results of the study confirmed the relationship between the quality of life and the level 
of physical activity and family well-being. It was found that all the quality of life components of the study participants 
with a moderate level of physical activity are significantly higher (p<0.05) than those of the participants with a low 
level of physical activity. Correlation analysis of family well-being and quality of life indicators revealed significant 
relationships (p<0.05) between physical functioning, physical role functioning, vitality, and mental health. 
Conclusions. ‘The direct statistically significant relationship between family well-being score and quality of life 


components of the respondents was demonstrated. 


Keywords: health-enhancing physical activity, quality of life, family well-being, active leisure, parents, children. 


Introduction 


The issue of population health promotion and mainte- 
nance is the main economic, social, and political challenge 
for the state. According to sociological surveys, only 15% 
of Ukrainians consider themselves healthy (Andreieva et 
al., 2020; Yelizarova et al., 2020). Every year, the percentage 
of sedentary people who do not meet the recommended 
level of regular physical activity is increasing (Guthold et 
al., 2020). As noted by the WHO, physical inactivity ranks 
fourth among the factors that are responsible for premature 
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mortality of people ona global scale (Bull et al., 2020). Due to 
a significant number of the population that is not involved in 
health-enhancing and recreational physical activity in con- 
junction with ignoring other components of a healthy life- 
style, Ukraine has one of the worst indicators of the average 
duration and quality of life of people in Europe (Andreieva 
et al., 2020). Therefore, it is necessary to implement various 
programs aimed at overcoming this social challenge. It is 
worth noting that the development and implementation of 
measures to improve the quality of life are fully consistent 
with the European and global trends of population involve- 
ment in physical activity. In Ukraine, over the past 20 years, 
the measures have been taken to increase the number of the 
population involved in physical activity during leisure time 
(Andreieva et al., 2022). The researchers are currently in an 
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active search for a solution to the challenges of introducing 
health-enhancing physical activity during the organization 
of family leisure (Maltsev et al., 2022; Rodriguez-Sanchez et 
al., 2011; Taylor et al., 2012). At the same time, insufficient 
attention has been paid to the relationship between the qual- 
ity of life and the level of physical activity and family well- 
being in scientific studies. Thus, despite close attention to 
family leisure research, the main studies have been focused 
on issues of quality of family life (for example, family satis- 
faction and family cohesion) and the organization of family 
leisure (for example, the influence of socioeconomic status 
on family well-being, barriers to family leisure activities, 
etc.), as well as assessing the relationship between family 
leisure patterns and family functioning (Zabriskie, 2001). 
A systemic analysis of the specialized literature gave us an 
understanding of the breadth and depth of research in the 
field of family leisure, but no attempts were made to quan- 
titatively synthesize and interpret the relationships between 
quality of life and physical activity level and family well- 
being. The generalization of such results will increase the 
possibility of finding previously unrecognized statistically 
significant relationships between the studied variables and 
will allow them to be used as a factor of population’s involve- 
ment in health-enhancing and recreational physical activity. 

The objective of the study was to assess the relationship 
between the level of quality of life and physical activity and 
family well-being. 


Material and methods 


Participants 


The research involved 106 families (the average age of 
parents was 35.1+4.2 years). The family structure of 95.3% 
participants included four people: two adults (mother and 
father) and two children. All the participants (parents) were 
asked to carefully read and sign the informed consent form, 
which described all stages and procedures of the study. 


Procedure 


The first stage of the study included an assessment of 
the level of parental physical activity. Assessment was based 
on responses to the International Physical Activity Ques- 
tionnaire (IPAQ). A version consisting of 27 items divided 
into five parts was used. Each part covers a specific type of 
activity: job-related physical activity (part 1); transportation 
physical activity (part 2); housework, house maintenance, 
and caring for family (part 3); recreation, sport and leisure- 
time physical activity (part 4, when answering the questions 
of this part of the questionnaire, those types of physical ac- 
tivity that the respondents already mentioned, i.e. physical 
activity related to job, transportation, housework, and caring 
for family, were not taken into account); time spent sitting 
or lying down (part 5, the time spent in transport was not 
taken into account). The IPAQ provided an opportunity to 
describe and analyze in detail general PA and its particular 
types such as leisure-time PA, home and outdoor PA, job- 
related PA, transportation-related PA. The structure of the 
IPAQ make possible to differentiate various types of activities 
by intensity as follows: low-intensity, moderate-intensity, and 
vigorous-intensity activities. An analysis of the survey results 


included several stages. At the first step, energy expenditures 
were calculated for each type of activity taking into account 
the intensity of activity (low, moderate, and vigorous). At the 
second step, the level of total physical activity was estimated 
in MET-minutes per week. The total level of PA in MET-min- 
utes per week is equal to the sum of the total amounts of each 
type of physical activity (job-related, transportation-related, 
home and outdoor PA, and leisure-time PA). 

The second stage included quality of life assessment. 
Quality of life was assessed using the Short Form 36 (SF-36) 
Health Survey Questionnaire (Hagstromer et al., 2006; Lins 
& Carvalho, 2016). The questionnaire made it possible to 
assess all the components of quality of life including those 
related to general health status. SF-36 consists of 36 ques- 
tions, which are combined into 8 scales and two summary 
components, and was designed to evaluate general health 
perceptions; limitations in physical activities because of 
health problems; limitations in usual role activities because 
of physical health problems; limitations in usual role ac- 
tivities because of emotional problems; limitations in so- 
cial activities because of physical or emotional problems; 
bodily pain; vitality (energy and fatigue); and general mental 
health (psychological distress and well-being). The scales are 
constructed to measure physical and mental components of 
health. The answers for each item are scored on a 0 to 100 
range so that a high score defines a more favorable health 
state. Then the items in the same scale are averaged together 
to create the 8 scale scores. 


Statistical analysis 


Clustering by means of Data Mining was used in the 
study. Families with children were divided into clusters with 
the k-means method according to the level of physical activ- 
ity (Cluster 1 included families with a low level of physical 
activity; and Cluster 2 included the families with a moderate 
level of physical activity). A normality test of the raw data 
using the Shapiro-Wilk test showed that they did not comply 
with the normal distribution. Therefore, the median (Me), 
25 and 75 percentiles were used to represent the data, and 
Spearman’s rank correlation coefficient was used for correla- 
tion analysis. 

The significance level was set to a=0.05. The exact p- 
values are given in the test, and when the p-value was less 
than 0.0001, it was indicated that p <0.01. Mathematical and 
statistical processing of the raw data was performed using 
the statistical software Statistica 10.0. 


Results 


According to the questionnaire results, the respondents 
were placed using the Categorical Score into one of the three 
categories: low or inactive, moderate, and high. No individuals 
with a high level of physical activity were identified in this study. 
Depending on the level of physical activity, the participants 
were divided into two clusters: with a low (Cluster 1) and mod- 
erate (Cluster 2) levels of physical activity. The first cluster in- 
cluded 66 people, and the second cluster consisted of 40 people. 

To analyze the relationship between the components of 
the quality of life and physical activity, the respondents were 
assigned to two clusters on the basis of their physical activity 
(Table 1). 


570 


Andrieieva, O., Maltsev, D., Kashuba, V., Dutchak, M., Ratnikov, D., Grygus, I., Byshevets, N., & Horodinska, |. (2022). Relationship 
Between Quality of Life and Level of Physical Activity and Family Well-Being 


Table 1. Assessment of quality of life indicators in parents with different levels of physical activity (n=106) 


Average values, points Normality test results 
Quality of life components Cluster 1 (n=66) Cluster 2 (n=40) na ay 

Me  25%,75% Me 25%, 75% E a a a 
Physical functioning 70.0 65.0;75.0 85.0 85.0; 90.0 0.941 0.004 0.796 <0.05 
Bole Preutanigne ave topical heals 50.0 25.0;50.0 75.0 75.0; 100.0 0.829 <0.05 0.797 <0.05 
problems 
Bodily pain 52.0 31.0;52.0 94.0 87.0;100.0 0.820 <0.05 0.776 <0.05 
General health perceptions 35.0 30.0;42.0 59.5 45.0; 80.0 0.959 0.028 0.934 0.021 
Vitality (energy and fatigue) 35.0 20.0; 35.0 75.0 60.0; 85.0 0.912 <0.05 0.937 0.027 
Social functioning 375 25.0;50.0 62.5 62.5; 87.5 0.869 <0.05 0.849 <0.05 
Role imitations dueto peronalorsmouena § 44.4 499.495. 66 -eeeT OAs. -<i108 0.774  <0.05 
problems 
General mental healthn(peychologialdatress: 5g apnaee 980 FOOLRO G77A ~-<n08 0.912 0.004 


and well-being) 


Note: Me - Median; 25%, 75% — percentiles; W,, W2 - Shapiro—Wilk test values for Clusters 1 and 2, respectively; p,, p2 - the 
achieved significance levels. 


Table 2. Comparative analysis of quality of life indicators of the families with children who had different levels of physical 
activity (n=106) 


: S Calculated data 
Quality of life components a i a Te p 
Physical functioning 2408.0 3263.0 197.0 7.316 <0.05 
Role limitations due to physical health problems 2614.0 3057.0 403.0 5.974 <0.05 
Bodily pain 2308.0 3363.0 97.0 7.968 <0.05 
General health perceptions 2585.5 3085.5 374.5 6.159 <0.05 
Vitality (energy and fatigue) 2224.0 3447.0 13.0 8.515 <0.05 
Social functioning 2437.0 3234.0 226.0 7.127 <0.05 
Role limitations due to personal or emotional problems 2634.5 3036.5 423.5 5.840 <0.05 
General mental health (psychological distress and well-being) 2245.0 3426.0 34.0 8.379 <0.05 


Note: Zr,, Zr, - sum of ranks for the samples Cluster 1 and Cluster 2, respectively; U - Mann-Whitney U test; Z — Z-test; p - the 


achieved significance level. 
Physical functioning Physical role functioning Bodily pain 
0.608; p<0.05) Ne (0.425; p<0.05) A (0.316; p<0.05) 
\ - 4 


Pe 
General mental health : , : General health 
eu Family well-being S 
(0.401; p<0.05) (0.154; p>0.05) 
/ rT he 
Emotional role functioning va Social functioning BN Vitality 

(0.354; p<0.05) (0.310; p<0.05) (0.415; p<0.05) 

Fig. 1. Influence of family well-being on the quality of life of 
respondents (n=106) 


A comparative analysis indicated that the group of re- 
spondents who formed Cluster 2 have significantly higher 
values of quality of life components then the participants 
from Cluster 1 (p<0.05) (Table 2). Obviously, families that 
had a higher level of health-enhancing recreational physi- 
cal activity and, accordingly, a higher level of family well- 
being, are also demonstrated higher values of quality of life 
components. 

The results of correlation analysis using Spearman’s rank 
correlation coefficient p confirmed the presence of direct 
statistically significant (p < 0.05) relationships between fam- 


ily well-being and quality of life components excluding gen- 
eral health (Fig. 1). 

The families from the Cluster 2 also had higher values 
of physical and mental components of quality of life. Fur- 
thermore, the differences between the values of the mental 
component were found to be significant at p<0.05 (Table 3). 

No significant differences were observed between dif- 
ferent clusters in the values of physical component of quality 
of life (p > 0.05), however the mean values of the members 


of the Cluster 2 were higher compared to Cluster 1. Further- 
more, the direct significant relationship between the family 
well-being score and quality of life components of the re- 
spondents was shown. The decreased scores of mental com- 
ponent in the survey participants compared to the published 
data, including the standardized values of the scales, can 
be explained by the unfavorable conditions of quarantine 
restrictions on the Ukrainian territories where the survey 
took place. 
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Table 3. Analysis of scores of quality of life components 
(n=106) 


Quality of life components 


Results of comparative Physical Mental 
analysis Cluster Cluster Cluster Cluster 
1 2 1 D, 
Normality of W 0.973 0.958 0.935 0.923 
distribution test _, 0.164 0.144 0.002 0.010 
Normality of = + - + - 
distribution 
Descriptive Me 52.8 53.8 28.3 47.5 
statistics 25% 49.1 50.7 25.9 44.5 
75% 56.5 57.4 31.2 51.1 
Comparative U 1119 43.0 
i Z 1.307 8.320 
p 0.191 <0.05 
Correlation Pp 0.270 0.317 
with the level , 2.853 3.404 
of family well- 
being P value <0.05 <0.05 
Discussion 


Many authors have devoted their research to assessing 
the relationship between the quality of life and physical ac- 
tivity level of different population groups (Grygus, 2017; 
Hakman et al., 2018; Kashuba et al., 2021; Krutsevich et al., 
2021). In domestic and international science, the field of 
research is actively growing, which studied the quality of 
life as a complex medical and social phenomenon (Grygus 
et al., 2019; Karpukhina et al., 2020; Pavlova et al., 2016). 
Researchers offer theoretical models aimed at finding rela- 
tionships between the functional state of an individual and 
his well-being (Andrieieva & Hakman, 2018; Drozdovska 
et al., 2020). Studies devoted to the use of health-enhancing 
recreational technologies to ensure the quality of human life 
have made it possible to solve some theoretical and practi- 
cal issues of ensuring an appropriate quality of life for vari- 
ous population groups. Strong evidence (mainly from ran- 
domized controlled trials) has shown that, for adults aged 
18-65 years, physical activity improves quality of life and 
well-being (Marquez et al., 2020). Nevertheless, scientific 
research on the relationship between physical activity and 
quality of life is narrowly focused, since the main object of 
study remains somatic health (Andrieieva & Hakman, 2018; 
Galan et al., 2019; Kashuba et al., 2019). A number of issues 
regarding the relationship between physical activity and in- 
dividual components of quality of life, such as mental health, 
family well-being, life satisfaction, etc., remain insufficiently 
studied (Andrieieva et al., 2019; Hakman et al., 2020; Orik- 
hovska et al., 2020). 

The results obtained in our study expanded scientific 
knowledge regarding the importance of the optimal level of 
physical activity for ensuring recreational effect, quality oflife, 
and improving physical and mental health of adult persons. 
We confirmed the data of researchers (Granero-Jiménez 


et al., 2022) regarding the close correlation between the 
physical activity level and psychological well-being of the 
study participants. Also, our research results complement 
the data reported by Sobkey (2014). A study involving 
100 participants aged from 18 to 70 revealed a positive 
association between physical activity and health-related 
quality of life that was measured with the Short Form Health 
Survey (SF-36) in 4 domains, including physical functioning, 
role limitations due to physical health problems, vitality, 
and general health (Kokandi et al., 2019). Another study of 
400 people aged 18-60 using the IPAQ and SF-36 showed that 
more than half of the studied population (57%) had a low 
level, 30% had a moderate level, and 13% had a high level of 
physical activity. In contrast, no individuals with a high level 
of physical activity were found in our study. Their health- 
related quality of life was highly correlated with their level 
of physical activity. The main domains related to physical 
activity were physical functioning, role limitations due to 
physical health problems, and general health (Moshibah et 
al., 2015). Pavlova and co-authors conclude that a low level 
of physical activity correlates with low indicators of quality 
of life, in particular with the predominance of passive forms 
of recreation, reduce quality of life values on the scales of 
general health, physical functioning, vitality, and mental 
health (Pavlova et al., 2016). In our study, similar results 
were obtained, in particular we confirmed the data regarding 
the relationship between the quality of life of adults and the 
health status and of physical activity level. Individuals with 
a moderate level and a low level of physical activity had 
statistically significant differences in all of the quality of life 
components. 

There is a substantial body of research evidence regard- 
ing the relationship between the quality of life and family 
well-being of parents of children with disabilities (Bjornson 
et al., 2008; Park, 2021; Pratesi et al., 2021; Silva et al., 2020; 
Xu et al., 2018). Nevertheless, there is a lack of data on the 
improvement of quality of life of families due to organizing 
active leisure time. Researchers note that promoting family 
physical activity is important for encouraging healthy habits 
in children. The results obtained in the study (Paez et al., 
2022) show that children of parents with a low level of physi- 
cal activity often have excess body weight, disharmonious 
physical development, and low physical fitness. Therefore, 
it is important to encourage parents and children to partici- 
pate in health-enhancing and recreational physical activities 
together. 

The results of this study provide relevant information to 
professionals in health-enhancing and recreational physical 
activity regarding the arguments for increasing the level of 
participation of clients in regular physical exercise. Further 
study of the relationship between quality of life and physi- 
cal exercise, in particular during leisure time, is promising 
for the development of effective health programs aimed at 
ensuring a high level of well-being in people of all ages in 
order to achieve adherence to physical exercise and improve 
psychological well-being. 

The main limitations of this study are related to the sam- 
pling technique, since we used an on-line approach, as well 
as the lack of information on the nature of the parents’ em- 
ployment, which did not allow us to assess the relationship 
between physical activity level and quality of life depending 
on professional activity. 
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Conclusions 


The results of the study confirmed the relationship be- 
tween quality of life and physical activity level and family 
well-being. It was found that all the quality of life compo- 
nents in study participants with a moderate level of physi- 
cal activity were significantly higher (p<0.05) than in the 
participants with a low level of physical activity. Correlation 
analysis of family well-being and quality of life indicators 
revealed significant relationships (p<0.05) between physical 
functioning, physical role functioning, vitality and mental 
health. 
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*HanjionaibHui yHiBepcuTeT BOMHOrO rociopapcTBa Ta IpMposOKOpMcTyBaHHA 
*XepcoHcbKUM JepkKaBHUM yHiBepcuTeT 


AxBtopcebknit Bkiag: A - qu3aiiH foctippKenus; B - 36ip faux; C - crarauazis; D - nigrotoBKa pyKonncy; E - 36ip komTis 


Pedepar. Cratra: 8 c., 3 Ta67., 36 ypKepen. 


Meroro focrispKeHHA Oy710 OLVIHMTH 3B'A30K MiK AKICTIO KUTTA Ta piBHeM PyXOBOI aKTMBHOCTI Ta CiMeHUM Oylaronosyy4AM. 

Marepianm Ta Metogau. J[1a ouiHKM pyxoBoi akTMBHOCTI OaTHKiB BUKOpMcTOByBaBcA MipkHaposHul ONMTYBaIbHUK di- 
3M4HOi akTMBHocTi (IPAQ). AkicTh 2*«MTTA OiHIOBaIM 3a Fomomorow Koporkoi dopmu (SF-36). OrpuMauHi faHi obpobsanu 3a 
JONMOMOrOW KilacTepHOro Ta KOpeAuiMHOrO aHami3zy, ONMCOBO! CTaTMCTUKN. Y Fociis»KeHHi B3AIM yyacTb 106 FopociMx mropen 
(ciMetHux Tap), aKi € 6aTbKaMM JiTeM TOUIKibHOTO Ta MOMOFUIOLO WKiIbHOTO Biky. 

Pesynpratn. Ouinka pyxoBoi aKTMBHOCTI OaTDKiB NOKasasa, WO 62,3% PecNOHeHTIB MalOTb HU3bKMM piBeHb i 37,7% MaloTb 
HOMipHUM piBeHb pyXOBOi aKTMBHOCTI, a OCiO 3 BMCOKMM PiBHeM PyXOBOi aKTMBHOCTI He BUABIeHO. Cim’i 3 FiTbMu Oyu po3- 
nopimeHi Ha KiacTepu MeToyoOM k-means 3a piBHeM pyxOBOi aKTMBHOCTi: KacTep 1 BK/104aB Cimi 3 HU3bKMM PiBHeM PyXOBOi 
aKTUBHOCTI; a Kjlacrep 2 BK/IOUaB POJMHU 3 NOMipHMM piBHeM pyxoBoOi akTMBHOCTI. PesynbraTu JocnispKeHHA WipTBepyMIM 
3B 'A30K MiK AKICTIO KMTTA, piBHeM pyXxOBOi aKTMBHOCTI Ta CiMemHUM Onarononyy4AM. BusBeHO, WO BCi KOMIOHEHTM AKOCTI 
X*KUTTA YIACHUKIB JOCiJPKeEHHA 3 HOMiPHMM piBHeM PyXOBOl aKTMBHOCTI BiporiqHO Bui (p<0,05), HDK B yYaCHUKiB 3 HU3bKUM 
pipHem pyxoBoi akTuBHocti. Kopenauiinnn ananis 1oKasHUKiB CiMeMHOro Ofarononyy4A Ta AKOCTi KMTTA BUABMB JOCTOBIPHN 
3B 30K (p<0,05) Mik i3m4HOIO aKTUBHicTIO, pommio PisM4Hux IpobseM B OOMeXKeHHI 2%KUTTEPIAN_HOCTI, *KMTTESMaTHICTIO Ta 
TICMXi4HMM 3]}0POB AM. 

Bucuosku. JlopeyjeHo HaABHiCTb IpAMOTO CTATUCTMYHO 3HALYWIOFO KOpeALIMHOTO 3B A3KY MDK OW|HKOIO CiMeiMHOrO Oy1aro- 
MOwyd4A M KOMMOHEHTAMM AKOCTI KUTTA OMMTAHMX. 

Knirouosi cioBa: o3,0poB40-pekpealiitHa pyXOBa aKTMBHICTb, AKICTD 2KUTTA, CiMeviHe OarOnOyy4A, aKTMBHE JO3BI/INIA, 
6aTbKu, FiTU. 


Information about the author: 
Andrieieva, Olena: olena.andreeva@gmail.com; https://orcid.org/0000-0002-2893-1224; Department of Health, Fitness and 
Recreation, National University of Ukraine on Physical Education and Sport, Fizkultury St, 1, Kyiv, 03680, Ukraine. 
Maltsev, Dmytro: maltsev1994@ukr.net; https://orcid.org/0000-0003-2127-3385; Department of Health, Fitness and Recreation, 
National University of Ukraine on Physical Education and Sport, Fizkultury St, 1, Kyiv, 03680, Ukraine. 
Kashuba, Vitalii: kashubavo@gmail.com; https://orcid.org/0000-0001-6669-738X; Department of Kinesiology and Physical 
Culture and Sports Rehabilitation, National University of Ukraine on Physical Education and Sport, Fizkultury St, 1, Kyiv, 03680, 
Ukraine. 
Dutchak, Myroslav: mvd21@ukr.net; https://orcid.org/0000-0001-6823-272X; Department of Health, Fitness and Recreation, 
National University of Ukraine on Physical Education and Sport, Fizkultury St, 1, Kyiv, 03680, Ukraine. 
Ratnikov, Dmytro: grigus03@gmail.com; https://orcid.org/0000-0003-1390-0764; Department of Health, Fitness and Recreation, 
National University of Ukraine on Physical Education and Sport, Fizkultury St, 1, Kyiv, 03680, Ukraine. 
Grygus, Igor: grygus03@ukr.net; https://orcid.org/0000-0003-2856-8514; Institute of Health Care, National University of Water 
and Environmental Engineering, Soborna St, 11, Rivne, 33028, Ukraine. 
Byshevets, Natalia: bishevets@ukr.net; https://orcid.org/0000-0001-6118-6580; National University of Ukraine on Physical 
Education and Sport, Fizkultury St, 1, Kyiv, 03680, Ukraine. 
Horodinska, Inna: innagorod1969@gmail.com; https://orcid.org/0000-0002-2111-9161; Faculty of Physical Education and Sport, 
Kherson State University, Universitetska St, 27, Kherson, 73009, Ukraine. 


Cite this article as: Andrieieva, O., Maltsev, D., Kashuba, V., Dutchak, M., Ratnikov, D., Grygus, I., Byshevets, N., & Horodinska, I. 
(2022). Relationship Between Quality of Life and Level of Physical Activity and Family Well-Being. Physical Education Theory and 
Methodology, 22(4), 569-575. https://doi.org/10.17309/tmfv.2022.4.16 


Received: 27.10.2022. Accepted: 09.12.2022. Published: 23.12.2022 


This work is licensed under a Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0). 


575 


Teoria ta Metodika Fizi¢nogo Vihovanna 


Teopia Ta MeToguka i3“4HOrO BUXOBaHHA 
Physical Education Theory and Methodology 


ISSN 1993-7989 (print) 
ISSN 1993-7997 (online) 
ISSN-L 1993-7989 


ORIGINAL SCIENTIFIC ARTICLE 


JUSTIFICATION OF THE SELECTION TECHNIQUES IN MARTIAL 
ARTS USING WALD'S SEQUENTIAL ANALYSIS 


Leonid Podrigalo'“2°*, Shi Keo’”48"*, Olha Podrihalo!*“2F, 
Oleh Olkhovyi'©”?, Volodymyr Paievskyi'®”? and Yaroslav Kraynik!®”* 


‘Kharkiv State Academy of Physical Culture 
*Neusoft Institute Guangdong 


*National University of Physical Education and Sport of Ukraine 


Authors’ Contribution: A - Study design; B - Data collection; C — Statistical analysis; D - Manuscript Preparation; E - Funds Collection 


Corresponding Author: Leonid Podrigalo, E-mail: leonid.podrigalo@gmail.com 


Accepted for Publication: December 9, 2022 
Published: December 23, 2022 


DOI: 10.17309/tmfv.2022.4.17 


Abstract 


The study purpose was to develop a selection technique in martial arts based on indices of physical development 


using Wald's sequential analysis. 


Materials and methods. 12 anthropometric indicators were determined. 9 indexes of physical development were 


calculated on their basis. 16 elite athletes (candidates for masters and masters of sports) were divided into two groups. 
Group 1 included 7 athletes (judo, sambo, Greco-Roman and freestyle wrestling) aged 18.43+0.43. Group 2 included 
9 kickboxing athletes aged 18.22+0.52. 

Results. A prognostic table containing indices of physical development has been developed. The informativeness of 
the indicators varied within 296.15-1.73. The content of the prognosis consists of evaluating the results, determining 


the corresponding coefficients and summing these coefficients until one of the prognostic thresholds is reached. 

In accordance with generally accepted approaches, the value of the thresholds was set at the level of +13, which 
corresponds to a probability of 95% (p<0.05). Exceeding the positive threshold improves an athlete's prospects in 
wrestling. Achieving a negative threshold corresponds to a perspective in kickboxing. 

Conclusions. The conducted research made it possible to justify and develop a method for selecting martial arts 
athletes using indices of physical development. The proposed technique is based on Wald's sequential analysis and is 
a simple, informative and objective tool for the selection and prognosis of athletes’ condition. 

Keywords: martial arts, physical development, indices, selection, success. 


Introduction 


Effective selection is one of the leading tasks in sports 
science nowadays. The selection procedure involves the use 
of tests and functional tests (Ishihara, Kuroda, & Mizuno, 
2019). The main requirement for the tests is to reflect the 
specifics of the sport. This significantly increases the effi- 
ciency of selection. 

The use of various methods for sports selection and 
prognosis is analyzed in this study (Spann and Skiera, 2009). 
It is concluded that the combination of these methods signif- 
icantly increases the efficiency of this procedure. A similar 
conclusion was made in the study (Ihsan et al., 2022) studied 
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the technique of pencak-silat. The quality of technical el- 
ements is determined by both physical and psychological 
components. 

The effectiveness of selection in handball was evalu- 
ated in the study (Schorer et al., 2017). The selection sys- 
tem included general and special tests, expert assessment of 
athletes’ performance, analysis of their performance during 
games based on video analysis. Test results were the most 
effective components of the selection. 

The analysis of physical, anthropometric and strength 
qualities of rugby players was carried out in the study (Pearce 
et al., 2018). Discriminant analysis was used to increase the 
efficiency of selection and prognosis. The high significance 
of the used indicators was determined. 

Morphofunctional features of basketball players can be 
usedas criteria for sports selection and orientation (Bezmylov 
et al., 2022). The informativeness of anthropometric 
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indicators (body length and mass) and indicators of 
functional capabilities (VO,max) were confirmed. The 
authors proposed using these indicators for the athletes 
functional state monitoring. 

It is proposed to use the ratio of the length of the limb 
segments to the body length and somatotype for selection 
and predict the success in basketball (Korkmaz, Cetin, & 
Bozduman, 2020). These ratios were significantly higher in 
basketball players than in the control group. The indexes 
used are specific to basketball. They can be used for selection 
and prognosis in this sport. 

The possibilities of controlling the effectiveness and ef- 
ficiency of selection in volleyball were studied in the study 
(Altavilla et al., 2022). Monitoring of physical qualities and 
jumping ability is recognized as an important aspect. Creat- 
ing an anthropometric profile of athletes significantly in- 
creases the objectivity of the assessment. 

A comparative analysis of tests for the selection, diag- 
nosis of abilities and capabilities of athletes was carried out 
in the study (Kalina & Jagiello, 2018). Hardware and simula- 
tion methods were considered the most effective. 

Analysis of indicators of physical development is an in- 
formative and valid tool for sports selection. The anthropo- 
metric characteristics of athletes are an important compo- 
nent of selection and success (Burdukiewicz et al., 2018). 
The authors analyzed the biometric data of martial arts ath- 
letes and determined somatotype features characteristic of 
their specific types. The development of such a profile makes 
it possible to increase the effectiveness of selection and prog- 
nosis in these sports. 

Similar results were obtained in the study (Konstanti- 
nova et al., 2019). The authors determined the character- 
istic features of freestyle wrestlers’ somatotype. Athletes 
were most often characterized by a brachymorphic somato- 
type. It is recommended to use Rohrer’s index to determine 
the level of physical development of wrestlers. 

Functional preparedness standards for women 25-35 
years old were developed on the basis of a complex of modes 
of muscle energy supply (Furman et al., 2022). The obtained 
results became the basis of models of functional prepared- 
ness of women aged 25-35 with different somatotypes. It 
was concluded that the somatotype should be considered in 
assessing indicators of functional preparedness. 

Achievement of success in martial arts is ensured due 
to optimal body composition, the development of muscle 
strength, flexibility, anaerobic and aerobic potential (Mata- 
Ordonez et al., 2018). Effective selection and forecasting 
should include these qualities. The specificity of martial arts 
implies constant control of body weight as an integral indi- 
cator of physical development. 

Indices of physical development are an informative tool 
for the analysis of physical fitness in sports and recreational 
physical culture. It is proposed to use anthropometric in- 
dicators and indices based on them for selection in sports 
games (Masanovic et al., 2019). The possibility of using an- 
thropometric indices, body composition and functional in- 
dicators as criteria for the effectiveness of health training has 
been proven (Eroglu Kolayis & Arol, 2020). It is proposed 
to use the body mass index for the comparative assessment 
of young Swiss men (Wyss et al., 2019). The stability of this 
indicator is associated with maintaining sufficient physical 
fitness. 


The available results confirm the effectiveness of the ap- 
plication of anthropometric indicators and indices for selec- 
tion and prognosis in sports. This determined the relevance 
of the study. 

‘The purpose of the research was the substantiation and 
development of the selection method in martial arts based 
on indices of physical development using Wald’s sequential 
analysis. 


Material and Methods 


Participants 


16 elite athletes (candidates for master and master of 
sports), who were divided into groups, took part in the 
study. The first group included 7 wrestlers (judo, sambo, 
Greco-Roman and freestyle wrestling), age (18.43+0.43) 
years. The second group included 9 kickboxing athletes, age 
(18.22+0.52) years. The average age and skill level of the 
groups did not differ significantly. 

The research program and design were discussed and 
approved at the meeting of the commission on bioethics 
of the Kharkiv State Academy of Physical Culture (proto- 
col No. 15 dated January 26, 2022). 

The research design included the determination of 
12 anthropometric indicators. Measurements were per- 
formed according to the requirements of the unified method 
of anthropometric studies (Marfell-Jones et al., 2001). Body 
length and weight, chest circumference, length and circum- 
ference of limb segments, wrist dynamometry of both hands 
were determined. A set of special indices based on the indi- 
cators under study was used. 


Procedure 


Body mass index (BMI) was defined as the ratio of body 
mass (kg) to body length (m2). Values of 20-25 are accepted 
as the norm. 

The Erisman index was found as the difference between 
the chest circumference and half of the body length. Propor- 
tional physical development is characterized by a positive 
value of this indicator. Its value is not less than 5.8 cm in 
athletes. 

The power index was defined as the ratio of wrist dyna- 
mometry to body mass, expressed in percentage. Values of 
50%-75% are accepted as the norm. 

The ratio of the limb segments was determined as fol- 
lows: hands — as the ratio of the forearm length to the shoul- 
der length. 

The Vervek index was determined by the formula: 

IV = BL/ (2x BM+ CC), 

where BL - body length (cm), BM - body mass, (kg), 
CC - chest circumference at rest, (cm). With an IV value 
in the range of 0.75-0.85, the physique is estimated as hy- 
persthenic, 0.85-1.25 - normosthenic, 1.25-1.35 - asthenic. 

The Livi index was determined by the formula: 

IL = CC/ BL, 

where CC is the chest circumference at rest (cm), BL is 
the body length (cm). The value of IL in the range of 50-55% 
indicates harmonious physical development. 

The indicators of the limb segments mass and the con- 
ditional moments of force of the limb segments were deter- 
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mined according to the formulas given in the study (Epypha- 
nov, 1999). The massiveness indicators were determined by 
the formula: 
SMI=CSx100% / LS, 

where SMI is the segment massiveness indicator (c.u.), 
CS is the circumference of the segment (cm), LS is the length 
of the segment (cm). 

The segment conditional moments of force were deter- 
mined by the formula: 

SCMF=CSxLS, 

where SCMF is the segment conditional moment of 
force (cm?), CS is the circumference of the segment (cm), LS 
is the length of the segment (cm). 

Average values for the entire sample were considered the 
norm in the indicated indices. 


Statistical analysis 


Statistical analysis of the obtained data was per- 
formed with the help of licensed MS Excel. Wald’s sequen- 
tial analisys was used as a tool for solving the prognostic 
problem (Antomonoyv, 2018; Gubler, 1990). The method is a 
prognostic table, which includes coefficients of indices and 
their informativeness. Prognostic coefficients were calcu- 
lated according to the formula: 


PC=10 - log 


p2- > 

where, 

PC is predictive coefficient; 

S is the total number of people in the group; 

D1 is the number of test persons who had a value more 
than the average value in group 1; 

D2 is the number of test persons who had a value more 
than the average value in group 2; 

pl is the probability of exceeding the average value in 
group 1; 

p2 is the probability of exceeding the average value in 
group 2. 

The predictive coefficients in the case of the value lower 
than average were found similarly. 

The informativeness is calculated by the formula: 


I=PC -0.5 - [(p2 -**)- (p2 Fl 


where, I is the informativeness; other designations are 
the same as in the previous formula. 


Results 


The developed selection method for various types of 
martial arts is given in Table 1. 

The prognostic table includes the indices, the value of 
its prognostic coefficients, and the value of informativeness. 
The indicators in the table are placed in the order of decreas- 
ing informativeness. This minimizes the number of steps in 
the prognostic procedure and reduces the number of pos- 
sible errors. An informativeness value below 1.0 was consid- 
ered insignificant. Indicators with such or less informative- 
ness were excluded from the table. 

Selection in martial arts is carried out in several stages. 
The used indices of physical development are calculated, and 
their values are estimated. The prognostic coefficient of each 
index is determined and their sequential summation is car- 
ried out. When the indices specified in the table are fulfilled, 
the positive coefficient is summed, when they are unfulfilled, 
the negative coefficient is summed. The value of the per- 
missible error is 5%, which corresponds to the value of the 
threshold of 13 points. When the threshold +13 is reached, a 
conclusion is made about the athlete’s prospects in wrestling 
(p<0.05). When the -13 threshold is reached, a conclusion is 
made about the athlete’s prospects in kickboxing (p<0.05). 
If, after completing the table, none of the thresholds are 
reached, a conclusion is made about an uncertain prognosis 
and the need for additional research. 


Discussion 


Physical development is an effective tool for assessing 
the athletes’ condition. This determines the use of these 
indicators in sports selection, prognosing the sports skills 
growth and success. The main requirements for the criteria 
used are validity, informativeness and specificity for the sport 
(Klymovych et al., 2020). The validity of this approach was 
confirmed when analyzing the condition of female synchro- 
nized swimming athletes of different skill levels (Rovnaya et 
al., 2016), athletes of various types of martial arts (Romanen- 
ko et al., 2020). Non-observance of these requirements does 
not allow effective selection and prognosis. This is reported 
in the study (Giovanis et al., 2017). The authors applied tests 
specific for ski slalom to football players. This significantly 
distorted the existing results. 

Wald’s sequential analysis is quite widely used in medi- 
cal and biological research (Antomonov, 2018; Gubler, 


Table 1. Prognostic table of selection for different types of martial arts 


Indice 


Shin massiveness index, not less than 93 c.u. 

Left hand power index, not less than 50% 

Thigh massiveness index, not less than 141 c.u. 

Right hand power index, not less than 50% 

Right hand index, more than 0.75 c.u. 

Shin conditional moment of force, not less than 1512 cm? 
Livi index, over 50% 

Body mass index, within 20-25 kg/m? 

Erisman index, more than 5 cm 

Vervek index, over 0.85 


Prognostic coefficients : 
Informativeness 
Wrestling n=7 Kickboxing n=9 
-7.94 8.87 296.15 
8.08 -4,93 243.72 
-4,35 5.07 107.01 
4.10 -2.59 71.62 
-1.92 5.86 30.46 
2.06 -2.89 27.80 
-1.34 2.85 13.81 
-1.13 1.09 7.16 
-0.67 1.09 3.19 
1.09 -0.16 1.73 
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1990). An important advantage of this method is the pos- 
sibility of choosing the probability of the prognosis. It can 
vary between 80-99.9% depending on the selected threshold 
value (8-30 points). To obtain a reliable result, 7-10 indica- 
tors should be included in the table. The methodology devel- 
oped by us includes 10 indicators. This makes it possible to 
consider it informative. 

Sequential analysis was used to develop a technique for 
predicting success in artistic swimming (Podrihalo et al., 
2021). The methodology uses indices of physical develop- 
ment and the results of functional tests specific to this type 
of sport. 

The physical development index method evaluates the 
ratio between individual anthropometric indicators and the 
dependence between them. The wide use of indices in sports 
science and practice is due to their simplicity and availabil- 
ity of definition, the possibility of use in athletes’ condition 
monitoring. 

The used design is the analysis of the elite athletes condi- 
tion allows to significantly increase the efficiency of the anal- 
ysis. The dependence of training organization and metabolic 
parameters in elite taekwondo athletes has been confirmed 
(Sung et al., 2017). An important tool for condition moni- 
toring was the determination of indices of physical develop- 
ment and somatotype components. 

The informativeness of the results can be significantly 
increased because of the use of a set of indices. This approach 
was tested in the study (Podrigalo et al., 2019). Indexes were 
used to compare the athletes’ physique in different types of 
martial arts. Certain features have been confirmed. A higher 
body mass index in wrestlers reflects the predominance of 
the muscle component of the somatotype. The Erisman and 
Pignet indexes, the shoulder width index illustrate better 
muscle development in wrestlers and kickboxing athletes 
compared to karate and taekwondo athletes. A high power 
index illustrates the importance of grip strength in wrestling. 
Indexes of the limb segment ratio reflect the peculiarities of 
martial arts techniques. 

The results of Table 1 confirm that the most informative 
indices are the indicators of the shin and thigh massiveness. 
This reflects the specifics of martial arts. Kicking kicks in 
kickboxing are the most important element for victory. The 
kick power is directly dependent on the massiveness of the 
segment that does the kick. 

The shin conditional moment of force can be explained 
in the selection from this perspective. This indicator ensures 
the athlete’s stability. This is most important for effective 
fighting. Simultaneously, the shin power is not essential for 
kicking. 

The limb segments massiveness indices and conditional 
moments of force were proposed in the study (Epyphanov, 
1999) to evaluate the effectiveness of rehabilitation. They 
were used in the analysis of the armwrestling athletes’ condi- 
tion with different skill levels (Podrihalo et al., 2020). The de- 
termined excess of these indices in the group of experienced 
athletes confirms the assumption about the importance of 
limb muscle development for success in this type of sport. 
The use of longitudinal indicators in these indices reflects 
the importance of long levers for armwrestling. The inclu- 
sion of limb segment perimeters in the indices illustrates 
the importance of these groups in muscle development. 
Thus, limb segments massiveness indices and conditional 


moments of force reflect the main factors important for suc- 
cess and can be used for sports selection. 

The power indices of the hands are also characterized 
by sufficiently high informativeness for selection. These in- 
dicators are especially important in the wrestling, which is 
confirmed by the available results (Podrigalo et al., 2019). 
Victory in the wrestling depends largely on the grip effec- 
tiveness. The power index characterizes the power of the 
muscles of the forearm and hand. These muscles provide 
an effective grip. Therefore, the power index of the hands 
should be evaluated as an important selection indicator in 
the wrestling. Simultaneously, to win in kickboxing, it is nec- 
essary to do a kick that does not depend on the power of the 
forearm and hand muscles. Thus, the power index should be 
recognized as a specific indicator for selection in wrestling. 
Similar results were obtained when analyzing the anthro- 
pometric characteristics of elite Japanese female wrestlers 
(Arakawa et al., 2015). 

The hand index reflects the ratio of segments of the fol- 
lowing upper limb - forearm and shoulder. The value of this 
indicator is 0.75 in a harmoniously developed person. An 
increase in this index illustrates the relative lengthening of 
the forearm. The given data confirm the available literary 
sources (Tumanian & Martirosov, 1976). In this study, the 
relevance of physique for sports selection was analyzed us- 
ing the example of martial arts. According to the authors, the 
lengthening of the arm increases the shoulder lever of force 
in wrestlers. This, in turn, promotes the manifestation of ad- 
ditional efforts and makes it possible to perform strikes with 
less effort. The relative lengthening of kickboxers’ arms re- 
flects the ability to do kicks at a greater distance. This should 
also be evaluated as an essential factor for victory and con- 
sidered during the selection. 

Body mass is the main anthropometric indicator and 
integral criterion of physical development. It largely deter- 
mines the physical preparedness of athletes (Osipov et al., 
2016). This determines the high informative value of indexes 
that include this criterion. In this study, 3 indices were used, 
which include the body mass of athletes. 

Body mass index monitoring is quite relevant in sports 
(Fernandez-Arguelles & Fernandez-Rio, 2018; Greier & 
Drenowatz, 2018). Its connection with the time engaged in 
sports and the level of motor skills development was con- 
firmed. A model for athlete condition monitoring is pro- 
posed. The model is based on motor skills indicators and 
anthropometric criteria. 

The body mass index and the Livy, Vervek, and Erisman 
indices allow us to assess the proportionality of the body 
composition, the correspondence of the main anthropomet- 
ric indicators to each other, illustrate the development of 
muscles, and reflect the strength of the body composition. 
Their analysis allows us to conclude that the most optimal 
for both wrestling and kickboxing is the presence of har- 
monious development. This is evidenced by the closeness of 
the prognostic coefficients. The low informativeness of these 
indicators, in our opinion, indicates the small importance of 
the proportionality of physical development. This once again 
confirms the assumptions made. 

Thus, the obtained results largely agree with the available 
literature sources and confirm the informativeness, validity, 
and effectiveness of the martial arts selection technique us- 
ing indices of physical development. 
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Conclusions 


The conducted research made it possible to develop a 
method of selection in different types of martial arts. The 
methodology is based on Wald’s sequential analysis and in- 
cludes indices of physical development. The proposed tech- 
nique is a simple, informative and objective selection tool 
for wrestling or kickboxing. The specificity of massiveness 
indices and conditional moments of force of limb segments 
for selection in kickboxing is confirmed. Hand strength in- 
dices are specific for selection in the wrestling. The indicated 
indices illustrate the main factors important for success in 
these sports. Determining the used indicators is quite simple 
and accessible. This allows us to conclude about the avail- 
ability, transparency and financial expediency of conducting 
the selection. 
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OBIPYHTYBAHHA METOAUKHU BIQBOPY B EOUHOBOPCTBAX 
13 BAKOPUCTAHHAM NOCIIIMOBHOLO AHANSIZY 3A BAJIbBOOM 


Jleoniy, Togpirano*°*, Ulm Ke’?48??, Onpra Togpirano’*“2°F, 


Oner Onpxosun'©”*, Bonogumup Taescpxnit'®”*, Apocias Kpaiunk 


'XapKiBcbKa JjepoKaBHa akajleMia Pisu4HOi KyIbTypu 


*Inctutyt Hencodrt Tyanpyx 


1BDE 


*HavionanbHun yHipepcutert Pism4HOi KyibTypy i cllopry 


Axstopcepknit Bkmag: A - qu3aiiH qocnippKenna; B - 36ip qanmx; C - ctaranazis; D - nigzrotoBKa pyKxonncy; E - 36ip komTiB 


Pedepar. Cratra: 7 c., 1 ra67., 33 mpKepera. 


Meroro foctigKeHHa Oya pospobKa MeToAMKM BiqOopy B EenMHOOOpcTBax Ha MipcraBi inpeKciB Pism4Horo posBuTKy i3 


BUKOPMCTaHHAM MOCiJOBHOLO aHaslisy 3a Banbyom. 


Martepiannu i Merogn. BusHayanu 12 antponomerpw4uHnx MoKasHuKiB. PospaxopysBasn 8 injeKcis PisM4HOrO posBUTKy Ha 
ix nigcraBi. 16 emirHux aTieris (KaHyupaTu B MaiicTpu Ta Malicrpu cnopTy) 6bynm posnopineni Ha rpymu. 1 — 7 6bopuiB (731070, 
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cam6o, rpeKo-puMcbkKa Ta BiIbHa 6opoTbba), cepemqHii Bik (18,43+0,43) poxis. 2 rpyna — 9 aTmeTis KikOOKCMHTY, CepeqHiit Bik 
(18,22+0,52) poxis. 

Pesynpratn. Pospo6ieHa NporHocTudHa TaOMMIA, WO MicTuTD infeKcu Pi3sm4HOro posBuTky. lHpopMaTMBHiCTb NOKa3HUKiB 
Bap loBayia B MexKax 296.15-1.73. 3micr BigOopy monarae y ouiHMi pesyibTaTiB, BUsHATeHHi BigMOBigZHOTO KoedivieHTa i nigcy- 
MOByBaHHi WMX KoedilieHTiB JO FOCATHEHHA OFHOTO 3 MpOrHOCcTM4HMX Moporis. BigzMoBigqHO AO 3araibHOMpMMHATMX MipXopis, 
BeIMuMHa NOporis Oya BCTaHOBseHa Ha piBHi + 13, wo BizMoBigzae MMoBIpHOcTi 95% (p<0.05). TepesmujeHHa NO3MTMBHOTFO 0- 
pory o3Hauae HepcneKTUBHicTb aTieta bopoTDbn. JJocarHeHHA HeraTMBHOTrO Nopora BifNOBIa€ MepCMeKTMBHOCTI y KiKOOKCHHTY. 

Bucuosku. IIpopeyeni JoctispKeHHA JOsBONMIM OOIpyHTyBaTu Ta pospobuTu MeToAUKy Bi_Oopy aTmeTiB EnMHOOOPCTB 3 
BUKOPUCTaHHAM infeKciB Pi3M4HOrO PO3BUTKY. 3allpONOHOBAaHA MeTOAMKa Oa3yeTbCA Ha NOCHiJOBHOMY aHasi3i Bamps i € Wpo- 
CTMM, iH(OpMaTMBHUM Ta 06>€KTMBHMM iHCTpyMeHTOM BiOopy Ta IporHosy cTaHy aTueris. 

Knroyuosi cosa: enmHobopctsa, disM4Hui posBuTOK, infeKcu, Bi_Oip, ycmimHicTD. 
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Abstract 

The study purpose was to analyse the peak EMG at five upper-body muscles during four different jab techniques in 
youth boxers. 

Materials and methods. Male youth national-level boxers (n=7) were assessed for peak electromyography (EMG) of 
anterior deltoid (AD), biceps brachii (BB), triceps brachii (TB), flexor carpi radialis (FCR), and upper trapezius (UT) 
while performing four jab techniques: long-range targeting head (LRH), long-range targeting body (LRB), medium- 
range targeting head (MRH), and medium-range targeting body (MRB). 

Results. The LRH induced the highest EMG for AD (2092.94411.9) and BB (1392.0+687.3). The MRB induced the 


highest EMG for the FCR (1337.16+538.28), TB (1589.3+600.3), and UT (1221.2+507.5). However, between jab 

techniques, only the AD showed a significant (p<0.001) different EMG. Specifically, the LRH induced greater AD 
EMG compared to LRB (157.5 [p<0.001]), MRH (411.0 [p=0.003]), and MRB (398.3 [p=0.010]). Further, the LRB 
induced greater AD EMG compared to MRH (253.5 [p=0.024]) and MRB (240.8 [p=0.049]). The MRH and MRB 


(-12.7 [p=0.911]) induced similar AD EMG. 


Conclusions. Peak EMG at five upper-body muscles varies between jab techniques. However, the differences seem 
relatively small, except for the AD muscle, with a descending pattern of peak EMG for the LRH > LRB > MRH and 


MRB jab techniques. 


Keywords: Boxing, Youth sports, Muscles, Electromyography, Musculoskeletal and neural physiological phenomena, 


Human physical conditioning. 


Introduction 


Boxing (also known as pugilism) is one of the oldest 
combat sports in the history of mankind (Chaabéne et al., 
2015). Interconnected factors like motor and psychological 
ability, sound technique, and tactics may impact the out- 
come of a boxing match (Busko et al., 2014), as well as the 
selection and accurate execution of a punch above the belt, 
to the head or chest (Dinu & Louis, (2020). Among punch- 
ing techniques, the jab is the longest-range punch used in 


© Kumar, S., Ramirez-Campillo, R., Singh, J., Kumar, S., & 
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boxing (Wigle et al., 2014). A jab is performed with several 
aims, such as establishing dominance or initiating further 
punching combinations (Gilbert, 2018; Wigle et al., 2014). 
Attacking an opponent with a jab is effective and energy- 
saving (Werner & Lachica, 2000). The jab can be executed 
using different techniques, such as the long-range (i-e., with 
step) and the medium-range (i.e., without step) jab (Wigle et 
al., 2014), aimed at different target areas: long-range jab tar- 
geting head, long-range jab targeting body, medium-range 
jab targeting head and medium-range jab targeting body. 
However, it is not clear which jab technique recruits which 
muscle in terms of peak muscle activation (Chen et al., 2021; 
Stanley, 2020; Walilko et al., 2005). 

Electromyography activity (EMG) is useful to identify 
muscle recruitment and sequence of involvement during 
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specific movements (Carrier et al., 2015; Reaz et al., 2006; 
Roberts & Gabaldén, 2008). Such information may help to 
design better training drills and physical fitness test batter- 
ies (Oliva-Lozano & Muyor, 2020; Tiirker & S6zen, 2013). 
Putra et al. (2021), used surface EMG on dominant upper 
limb muscles of healthy male adult (31.9 + 3.1 years) dur- 
ing punch performance (in a virtual reality environment) 
in standing and sitting positions, revealing no difference in 
the percentage of maximum EMG of upper trapezius, an- 
terior deltoid, biceps and triceps muscles of dominant side. 
Shigeki et al. (2018) examined the three-dimensional trunk 
kinematics and surface EMG of lower back muscle activity 
among experienced and inexperienced male boxers (20.9 + 
1.6 years) during a straight punch with the dominant and 
non-dominant arms and noted greater EMG in the inexpe- 
rienced group. In another study by Lockwood & Tant (1997), 
the authors examined the EMG of the gastrocnemius, biceps 
femoris, rectus femoris, external oblique, serratus anterior, 
pectoralis major-s ternal, anterior deltoid, and triceps bra- 
chii muscles in synchronisation with two-dimensional kine- 
matics, while professional and amateur male boxers (24.2 + 
1.0 years) performed jabs, and noted higher wrist and elbow 
velocity in the professional group, although similar EMG 
was noted between the groups for all the assessed muscles. 
Although previous studies (Lockwood & Tant, 1997; 
Shigeki et al., 2018) assessed EMG of muscles involved in 
boxing-related punching techniques, none investigated the 
upper body muscle EMG while performing different jab tech- 
niques. However, a study was conducted by Putra et al. (2021) 
investigated the EMG of upper body muscles while perform- 
ing jab in standing and sitting variations indicated no signifi- 
cant differences. Since the study was confined to execution of 
jab in sitting variations and only on adults, it limits the impli- 
cation of their results to young boxers. Therefore, the current 
study aimed at analysing the peak EMG at five upper-body 
muscles during four different jabs techniques in youth boxers. 


Materials and methods 


Study participants 


To estimate the sample size of the participants, we used 
the G*Power software (Erdfelder et al., 1996). We had pre-set 
the effect size as 0.8 according to the benchmark suggested 
by Cohen (1988) for large effect size, a error probability as 
0.05, power as 0.95, number of groups as 1, number of mea- 
surements as 4 (since a single group of boxers was repeatedly 
tested for four different techniques of jab), correlation among 
repeated measures as 0.5 and the non-sphericity correction 
€ as 1 for repeated measures ANOVA (Lakens, 2013), the total 
sample size was n = 5. However, a sample of n = 8 was con- 
sidered appropriate due to potential participants attrition. In 
addition, a greater number of participants may help to com- 
pensate for potential data death due to difficulties related to 
EMG recordings. For example, EMG recording is vulnerable 
to contamination from a variety of causes, including interfer- 
ence from the electrical supply, mechanical objects, stimulus 
objects, activity of other muscles, and fast movement (e.g., sur- 
face EMG electrodes can come off from the attached surface, or 
induce malfunction) (Tirker, 1993). Indeed, after the comple- 
tion of data collection, the equipment could not capture data 
for one subject. Therefore, we proceeded with a total of seven 


participants (n = 7, age = 17.3 + 1.3 years, boxing experience 
= 5.9 + 1.2 years) as the sample for the study. All the partici- 
pants were members of a training centre and were practising 
to participate in an upcoming competition. The participants’ 
height (175.3 + 5.9 cm) and weight (72.1 + 11.3 kg) varied since 
participants were competing in different weight categories. The 
study included those who had represented their state in junior 
national or higher-level competition and were free from any 
physical condition which might have hampered their normal 
physical performance. 


Ethics and consent 


Participants were informed about the study, methodol- 
ogy, possible outcomes, risks, and benefits. Then, the legal 
guardians of the participants signed an informed consent 
form that clearly mentioned the participants’ right to with- 
draw at any time from the study. The youth participants pro- 
vided verbal consent. The study was conducted in the sports 
biomechanics laboratory of Lakshmibai national institute of 
Physical Education, Gwalior, India, in accordance with the 
Declaration of Helsinki (World Medical Association, 2013). 
The study was part of a doctoral study that was approved by 
the departmental research committee (DRC) at the Depart- 
ment of Sports Biomechanics, Lakshmibai National Institute 
of Physical Education, Gwalior, India, with the registration 
number (No. Academic/Ph.D./409/1284). 


Study design 


The EMG of the anterior deltoid (AD), biceps brachii (BB), 
triceps brachii (TB), flexor carpi radialis (FCR), and upper 
trapezius (UT) muscles were recorded while boxers executed 
four jab techniques i.e., long-range targeting head (LRH), long- 
range targeting body (LRB), medium-range targeting head 
(MRH) and medium-range targeting body (MRB). All the 
EMG recording were obtained from the same upper-body limb 
preferred by the boxers to perform the punches. The whole 
data collection procedure was completed within one day. 


Equipment and measurements 


To investigate the EMG of the muscles, the BTS FREEEMG 
device was used (Bioengineering, 2011). The device was com- 
posed of EMG probs (up to 16 probs), a USB receiver, and the 
EMG-Analyzer software. Jang et al. (2018) conducted a study 
to establish the validity and reliability of the device and report- 
ed that the device exhibited moderate to high reliability and 
acceptable validity. Furthermore, Jang et al. (2018) concluded 
that the device is very adjustable and useful for any type and 
intensity of exercise because of its high accessibility and porta- 
bility. For all the techniques of jab, the EMG of the five selected 
muscles were recorded at the frequency of 1000 Hz, using five 
probs and the signals were transferred and analysed using a 
USB receiver and the EMG-Analyzer software, respectively. 
The unit of measurement was microvolt (uV). 

The participants were using their standard practice 
gloves. The size and weight of the gloves were as per the 
guideline of the International Boxing Association (IBA) 
(AIBA, 2010). As the target for different techniques of jab, 
medium size boxing punching bag (36” x 18”) was used and 
hung from the practice area ceiling. 
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Procedure of data collection 


‘The participants were informed and given sufficient time 
to familiarise themselves with the test procedure. The par- 
ticipants were instructed to remove their upper body wear 
for smooth placement of the EMG probs. The selected mus- 
cles were identified by the manual palpation method men- 
tioned by Kothari et al. (2014). The placement of the EMG 
probs were undertaken as per the recommendation of the 
SENIAM (Surface Electromyography for the Non-Invasive 
Assessment of Muscles) project (Hermens et al., 1999). The 
locations for the placement of the EMG probs were shaved 
and cleaned with alcohol swabs (Non Woven Alcohol Swab, 
Recombigen Clear & Sure, India) to reduce skin impedance. 
The surface EMG electrodes (H124SG, Adafruit, USA) were 
stuck to the muscle fibres line and connected to the securely 
attached wireless EMG probs. The wireless EMG probs were 
secured with adhesive medical tape (Mendwell Adhesive 
Tape USP, Prominence Healthcare Pvt. Ltd., India) so that 
it could not come off during the execution of the techniques 
of jab. The EMG probs were connected wirelessly to the 
USB receiver, which was later linked to a laptop to extract 
the data using the EMG-Analyzer software. The whole BTS 
FREEEMG system was calibrated as per the user manual 
(BTS FREEEMG 300 User Manual, 2013). 

After adhering the EMG electrodes and the probs on 
the selected muscles, the participants were given 2 minutes 
for mild warm-up and shadow boxing with a focus on jab 
techniques. After the warm-up the participants were again 
verified for the stickiness of the EMG electrodes and probs. 
Afterward, the participants were asked to execute the tech- 
niques individually. The participants were allowed to com- 
plete three valid jab attempts for each of the four assessed 
techniques, with 1 minute of rest between techniques. 

The targets were marked on the hung punching bag us- 
ing a temporary marker pen according to the participant's 
height. For the target head, a rectangle was drawn of the size 
“head length x head width” at the level of the head of the ath- 
lete. Similarly, another rectangle was drawn of the size “torso 
length x shoulder width” for the target body at the partici- 
pant’s body level. For the long-range jab technique, the par- 
ticipants were instructed to take a step and then execute the 
punch. While for the medium-range jab technique the par- 
ticipants throw the punch from a standing position without 
significant step. The distance of the leading leg to the punch- 
ing bag was according to the arm length of the participants. 
The participants were asked to perform the techniques with 
their maximum effort without external motivation. 


Data analysis 


After extracting the data from the USB receiver, the EMG- 
Analyzer software displayed the analysis reports on the laptop 
screen. The raw EMG signals were visualised along with the 
processed peak value, the root mean square, and the average 
rectified values. However, only the processed peak value (Fig- 
ure 1) was considered for further analysis. The average values 
from the three trials were calculated manually using Microsoft 
Office Excel (Microsoft Office Professional Plus 2019). 


Statistical analysis 


Means and standard deviations were calculated. Data nor- 
mality and sphericity assumptions were verified (Shapiro- Wilk 
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Fig. 1. Processed peak and root mean square values. 

Note that during jab on head target area, the biceps brachii (EMG 2) 
experienced activation during preparatory phase of the punch followed 
by anterior deltoid (EMG 1) and triceps brachii (EMG 3) during elbow 

extension. The flexor carpi radialis (EMG 4) showed peak activity 
during impact on the punching bag, followed by peak muscle activity 
of the upper trapezius (EMG 5) and biceps brachii (EMG 2) during 
termination phase of the jab. 


test and Mauchly’s test of sphericity). A one-way repeated mea- 
sures analysis of variance (ANOVA) test was applied to com- 
pare muscles EMG (AD, BB, TB, FCR, UT) between jab tech- 
niques, using the Least Significant Difference (LSD) confidence 
interval adjustment method as post-hoc. All statistical analyses 
were performed using the IBM SPSS software for Windows 
(version 27.0, Armonk, NY: IBM Corp). For all the calculations 
level of significance was set at 0.05. 


Results 


The results from table 1 display the mean and standard 
deviation of EMG of the selected muscles for all four tech- 
niques of jab, along with the univariate test result of the 
within-subject factor. The descriptive statistics reveal that 
for the AD and BB muscles, the technique LRH exhibited 
the highest peak EMG (AD = 2092.9 + 411.9, BB = 1392.0 + 
687.3), whereas for the muscles FCR, TB, and UT, the tech- 
nique MRB exhibited the highest peak EMG (FCR = 1337.2 
+ 538.3, TB = 1589.3 + 600.3, and UT = 1221.2 + 507.5). 
However, the F value for the within-subject factor “Tech- 
niques of Jab’ was significant only for AD muscle (AD: F (3, 
18) = 9.738, p < 0.001, np2 = 0.619, 1-8 = 0.989). It indicates 
that the main effect of the factor “Techniques of Jab’ is sig- 
nificant with a large effect size (np2 = 0.14) and high power 
(1-6 = 0.989) only for the muscle AD, which explains that 
there were significant differences in EMG between different 
techniques of jab only for AD muscle. Further, the pairwise 
comparison table 2 among the techniques of jab for the AD 
muscle reveals that except for the pair MRH versus MRB, 
all the other pairs exhibited significant differences among 
themselves. Table 2 reveals that for the AD muscle, the EMG 
of the technique of jab LRH is significantly higher compared 
to LRB (A = 157.5, p < 0.001), MRH (A = 411.0, p = 0.003), 
and MRB (A = 398.3, p = 0.010); while the technique LRB 
is significantly higher than MRH (A = 253.5, p = 0.024) and 
MRB (A = 240.8, p = 0.049); however, for the pairs MRH 


585 


ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 22, Num. 4 


Table 1. Muscle peak EMG (tV) in selected upper-body muscles in youth boxers while performing four jab techniques 


Muscle LRH LRB MRH MRB Between jab techniques comparison 
AD 2092.94 411.9 1935.4+381.6 1681644146 1694.64 291.4 F (3, 18) = 9.738, p< 0.001, np2 = 0.619, 1-B = 0.989 
BB 1392.0 + 687.3 1195.74 404.5 1275.14 433.7 1365.3+ 590.3 F (3, 18) = 0.520, p = 0.674, np2 = 0.080, 1-6 = 0.135 
FCR 1029.84 502.6 1206.34479.8 1135.04465.4  1337.2+ 538.3 F (3, 18) = 1.505, p = 0.247, np2 = 0.201, 1-B = 0.329 
TB 1393.34596.5 1342.94693.9  1482.94+378.5 1589.34 600.3 F (3, 18) = 0.636, p = 0.601, np2 = 0.096, 1-8 = 0.157 
UT 1019.24508.7. 1192.6+510.5 1030.14498.4 1221.2+507.5 F (3, 18) = 1.724, p = 0.198, np2 = 0.223, 1-8 = 0.374 


Abbreviations: AD - anterior deltoid; BB - biceps brachii; FCR - flexor carpi radialis; TB - triceps brachii; UT - upper trapezius; 
LRH - long-range targeting head; LRB - long-range targeting body; MRH - medium-range targeting head; MRB - medium-range 


targeting body. np”: partial eta squared; 1-6: observed power. 


Table 2. Pairwise comparison of anterior deltoid peak 
EMG (uV) between four different jab techniques 


Pairs (jab techniques) Mean difference 
LRH versus LRB 157.5 (p < 0.001) * 
LRH versus MRH 411.0 (p = 0.003) * 
LRH versus MRB 398.3 (p = 0.010) * 
LRB versus MRH 253.5 (p = 0.024) * 
LRB versus MRB 240.8 (p = 0.049) * 
MRH versus MRB -12.7 (p = 0.911) * 


*: p value for difference between jab techniques. Abbrevia- 
tions: LRH - long-range targeting head; LRB — long-range 
targeting body; MRH - medium-range targeting head; 
MRB - medium-range targeting body. 


and MRB (A = -12.7, p = 0.911) no significant difference 
was observed. An overview of the descriptive statistics of 
table 1 also reveals that among all the selected muscles, the 
AD muscle exhibited the highest peak EMG for all the tech- 
niques of jab (LRH = 2092.9 + 411.9, LRB = 1935.4 + 381.6, 
MRH = 1681.9 + 414.6 and MRB = 1694.6 + 291.4). 


Discussion 


During the execution of a jab in boxing, the analysis of 
EMG of muscles such as the biceps brachii, triceps brachii, 
anterior deltoid, upper trapezius and flexor carpi radialis 
are crucial due to their key role in the muscular recruit- 
ment sequence during punch movement (Dyson et al., 2007; 
Lockwood & Tant, 1997). A study by Valentino et al. (1990) 
already reported that there are techniques in the degree of 
muscle activation over different muscles and found a no- 
ticeable difference in the recruitment of muscles during a 
jab punch versus an uppercut, particularly on the deltoid 
muscle. However, in the current study the difference in peak 
muscle activation was observed only for AD muscle. 

The current results revealed that the technique LRH ex- 
hibited the highest peak muscle activation for the AD and 
BB muscle, whereas the technique MRB exhibited the high- 
est peak muscle activation for the FCR, TB, and UT muscles. 
The participants of the study had expressed that during the 
execution of the LRH technique, they were required to ex- 
tend their punching arm the most. Previous studies have 
already explained that in doing so, the AD muscle is primar- 
ily responsible for moving the arm forward (Elzanie & Vara- 
callo, 2022). It also explains the finding of pair wise com- 
parison of the techniques of jabs which reveals that muscle 
activation of the technique LRH is significantly higher com- 
pared to LRB, MRH, and MRB, while the technique LRB 


is significantly higher than MRH and MRB. On the other 
hand, from an extended forward position of the punching 
arm, the BB muscle was required to work harder in the LRH 
technique compared to the other techniques to flex the arm 
to the original position. That is why the results show that the 
LRH technique exhibited highest peak muscle activation for 
the AD and BB muscles. 

While performing the techniques targeting the body, 
the forearm tended to pronate more which caused the FCR 
and TB to activate more during the execution of those tech- 
niques. At the same time, the UT functioned to stabilize the 
downward movement of the arm while targeting the body. 
That is why for the muscles FCR, TB, and UT, the MRB tech- 
nique of jab exhibited the highest peak muscle activation. 

In another study, Dyson et al. (2007) reported higher 
punching force and speed when the target area was head 
over the body. The study also validated that when a lead arm 
straight punch is thrown on the head, there is a quarter turn 
of the torso and pelvis, which adds additional torque to the 
upper body movement and due to which peak muscular 
activity might be observed for the deltoid and biceps muscle 
group. It is observed that FCR begins at the medial epicon- 
dyle of the humerus and connects to the second metacarpal 
at the base, and it is crucial for flexing and abducting the 
hand at the wrist (Kanevsky et al., 2015), whereas the flexion 
of the wrist is an involuntary movement during impact on 
the target area in boxing, so highest peak activation for FCR 
muscle might be due to more flexion at the wrist joint dur- 
ing the execution of jab in MRB technique. The TB muscle 
is responsible for the extension of the elbow at shoulder el- 
evation and contributes more to elbow extension (Kholinne 
et al., 2018), while UT is also responsible for elevation and 
depression of the shoulder (Shih & Kao, 2011). Hence, the 
highest peak muscle activation for the TB & UT muscles in 
the technique MRB might be observed due to more elbow 
extension and higher shoulder elevation while executing the 
jab at the body target area in the medium range. 

Some potential limitations should be acknowledged. 
The investigators felt that there was a limitation of sample 
size in the study. Further studies with greater sample size 
should attempt to replicate current findings. 


Conclusions 


Peak muscle activation at five upper-body muscles may 
vary depending on the jab technique preferred by the youth 
boxers. However, differences between jab techniques seems 
relatively small, except for the AD muscle, with a descending 
pattern of peak EMG for the LRH > LRB > MRH and MRB 
jab techniques. 
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BMJINB PISHUX TEXHIK J>KEBA HA MAKCUMASJIbHY AKTUBALIIIO 
M’A3IB BEPXHbO/ YACTUHU TIJIA B BOKCEPIB-IOHAKIB 


Canyen Kymap'“*°"", Poapiro Pamipec-Kamminpo**2°*, I>xo3se 


Cinrx!“3°°F, Canppxes Kymap*“8°*, Xemantappxut Torom*2°?F 


'Hayionanbuun inctutryt di3smaHoro BuxoBaHHA imeni Jlakumi ban 
*Yuipepcutet Anppeca bebo 

*‘[JenTpambHun yHipepcutet [lenp>Kaby 

“Yuipepcutet cnopty imeni IIpi Lpi Anipynyxayesu 


Axstopcepknit Bkag: A -— qu3aiiH gocmippKenua; B - 36ip qanmx; C - ctaranamis; D - nigrotoBKa pyxonncy; E - 36ip komrTis 


Peqdepar. Crarra: 6 c., 2 ra6., 1 puc., 34 mKepena. 


Meta jocnig>KeHHA Moarana B TOMY, 1106 MpoaHamisyBaTM MakcuMambHy amumirygy EMI mW atTu M’3iB BepxHboi YacTMHM Tina Hig 
Yac BUKOHAHHA YOTMPbOX pisHUx TexXHik D>Ke6a B OOKCepiB-10HaKiB. 

Marepiamu Ta Metogu. Y 6oxcepiB-loHakiB HaljioHa/bHOTO piBHA (n=7, YomMOBi4Oi CTaTi) OLiHIOBANM MaKCMMasIbHy aMIiTypy evleK- 
Tpomiorpadii (EMI) nepegzHboro Zembronogi6Horo m’a3a (II]}M), qBoronozoro m’s3a mteya (J[MII), rpuronosoro m’a3a meua (TMI), 
IIpOMeHeBOrO M’A3a-3rMHaya 3am acTKa (IIM33) ra BepxHboro Tpanevienopi6uoro m’a3a (BTM) mig uac BUKOHAaHHA HMMM YOTMpbox 
TeXHik JpKe6a: 3 JaIbHbOl AucTaHyil B romosy (AT), 3 Fambuboi Aucrauuii B Kopmyc (JK), is cepeqHbol AucTaHyil B romoBy (CHT) ra 
i3 cepegquboi AMcTaHuii B Kopmyc (CJJK). 

Pesyaprarn. Jxe6 JIT suknukaB Makcumasbuy amumityay EMI m’asis TI}M (2092,94411,9) ra MII (1392,0+687,3). I>xe6 CIIK 
BUKIMKaB MaKCMUMasibHy amumityfy EMT m’a3is IIM33 (1337,16+538,28), TMI (1589,3+600,3) ta BTM (1221,2+507,5). [Ipore 3amexHo 
Bi] TeXHiKM BUKOHAHHA Ke6Oa mMue M’a3 IIJ[M moxa3yBaB goctosipuy (p<0,001) Bigminuy amunitygy EMI. Kouxperuo, mxe6 TT 
BUKIMKaB Oinbiy amumitygy EMT m’a3a TJM nopisuano 3 ypxebamu JNK (157,5 [p<0,001]), CHT (411,0 [p=0,003]) ra CHK (398,3 
[p=0,010]). Kpim toro, mxe6 JK suxanxas 6inpury amnmiryazy EMI w’a3a IJ1M nopisuano 3 ppxebamu CIT (253,5 [p=0,024]) ra CHK 
(240,8 [p=0,049]). Ipxe6m CIT ta CK (-12,7 [p=0,911]) Buxankann nogibuy amnairygzy EMI m’a3a I1M. 

Bucnoskn: Maxcumanbua amumityga EMI m’atu M’a3is BepXHbOl YacTMHU Tia pisHMTbCA 3a1EKHO Bi] TEXHIKM BUKOHAHHA JpKeba. 
IIpote ui BiqMiHHOCTI 32aIOTbCA BiJHOCHO HeBeEAMKUMM, 34 BAHATKOM M’A3a IIJ[M, aKkuii HeMOHCTpye cHaqHMl xXapakTep MaKCMMa/bHOi 
amuiryou EMI gaa texuix pxe6a JIT > JK > CIT ra CK. 

Kroyosi cosa: 60Kc, 1oHabKMM CHOpT, M’A3M, eeKTpoMiorpadis, M’A30B0-cKeneTHi Ta HeMpodisionorivni aBuua, PismaHa Tig- 
TrOTOBKa JHOMHM. 
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Abstract 


The study purpose was to determine the specific features of the effect of the number of repetitions and rest intervals 
on the effectiveness of the standing long jump training program for 14-year-old girls. 

Materials and methods. The study participants were 40 girls aged 14. The study participants were informed about 

all the features of the experiment and gave their consent to participate therein. The study used methods of analysis 

of scientific and methodological literature, observation, pedagogical experiment, and methods of mathematical 
statistics. The pedagogical experiment was designed as a full factorial experiment with a 2x factorial design. The effect 
of the number of repetitions (6 to 12 times) and the rest interval (60 to 120 s) on the effectiveness of the standing long 
jump training program for 14-year-old girls was investigated. Discriminant analysis was used for data analysis. 
Results. The analysis of the experimental data showed that the modes of alternating physical exercise performance 
and rest intervals have a statistically significant effect on the formation of the motor skill of standing long jump in 
14-year-old girls (p < 0.001). It is after the third exercise performance mode that the girls spent the smallest total 
number of repetitions required for the formation of the standing long jump skill. Thus, the 1st, 4th and 6th series of 
training tasks are learned faster after the third exercise performance mode, the 3rd series of training tasks is learned 
faster after the second exercise performance mode, and the 2nd and 5th series of training tasks are learned faster after 


the fourth exercise performance mode (p<0.001). 


Conclusions. It was established that the mode of alternating exercises in 3 sets of 2 repetitions with a rest interval 
of 120 s is classified as the most rational. A specific feature of the formation of the motor skill is that each of the 
modes can be considered as a priority for one or another motor task. In the investigation of the learning process, 
discriminant analysis makes it possible to classify work modes and determine the relationship between the motor 


tasks within the training program. 


Keywords: 14-year-old girls, standing long jump, exercise performance modes, discriminant analysis. 


Introduction 


Forming motor skills (Ivashchenko, Berezhna, & 
Cieslicka, 2020; Khudolii, lermakov, & Bartik, 2020; Petrov, 
Khudolii, & Cieslicka, 2020), developing motor abilities 
(Khudolii, Ivashchenko, Iermakov, Veremeenko, & Lopa- 
tiev, 2019; Marchenko & Bezpalko, 2020; Ivashchenko, 
Mirostawa, Nosko, & Malyshev, 2019), and increasing motor 
activity (Fisher, Reilly, Kelly, Montgomery, Williamson, Pa- 
ton, & Grant, 2005; Fernandez- Valero, Soto-Sanchez, Paez, 
Leyton-Dinamarca, Kain, Hurtado, & Reyes-Amigo, 2021; 


Nurulfa, Lubis, Dlis, Aninggar, & Mamesah, 2021) are the 
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main tasks of school physical education and have a positive 
effect on the health of school students (Vandoni, Codella, 
Pippi, Pellino, Lovecchio, Marin, Silvestri, Gatti, Magenes, 
Regalbuto, Fabiano, Zuccotti, & Calcaterra, 2021; Villafaina, 
Fuentes-Garcia, Leon-Llamas, & Collado-Mateo, 2021; Vla- 
sova, 2020). 

Selection of motor tasks (Thomaidou, Konstantinidou, 
& Venetsanou, 2021; Suprun, Ivashchenko, & CieSlicka, 
2021; Khakovshchenko, 2022), organization of training pro- 
grams that ensure a guaranteed level of mastery of physical 
exercises, and control of the quality of training (de Mooij, 
Fekkes, Scholte, & Overbeek, 2020; Ivashchenko, 2020; 
Schneeberger, & Jarosch, 2022), and modes of alternating 
exercise performance and rest intervals (Marchenko, Jagi- 
ello, Ilermakov, Ivashchenko, & Khudolii, 2021; Marchenko, 


589 


ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 22, Num. 4 


Ivashchenko, Jagiello, Iermakov, Khudolii, & Yermakova, 
2022; Shuieva, Ivashchenko, & Jagiello, 2021) are of impor- 
tance in teaching physical exercises. 

In the structure of programs such as algorithmic in- 
structions, it is mandatory to determine the necessary level 
of motor fitness, which includes motor experience and the 
level of development of motor abilities (Khudolii, 2009). The 
achievement of the appropriate level of development of mo- 
tor abilities is influenced by the accounting and control of 
the operational, delayed (Khudolii, Ivashchenko, Iermakov, 
Nosko, & Marchenko, 2019; Ivashchenko, Khudolii, Prusik, 
& Giovanis, 2020; Khudolii, lermakov, Ivashchenko, & Nos- 
ko, 2020), and cumulative training effect of strength exer- 
cises (Veremeenko, 2019; Iermakov, Ivashchenko, & Khu- 
dolii, 2021). Optimizing the time allocated to teaching and 
developing motor abilities is important for increasing the 
effectiveness of the learning process in a physical education 
class (Ivashchenko, Iermakov, & Khudolii, 2021). 

To substantiate the training program, methods of math- 
ematical statistics are used, such as correlation, factor and 
discriminant analysis (Ivashchenko, 2020). Since the qual- 
ity of the implementation of the programs depends on the 
modes of alternating exercise performance and rest inter- 
vals (Shuieva, Ivashchenko, & Jagiello, 2021; Yunak, Ivash- 
chenko, Nosko, & Nosko, 2022; Marchenko, Ivashchenko, 
Jagiello, Iermakov, Khudolii, & Yermakova, 2022), the choice 
of discriminant analysis will make it possible to classify work 
modes and determine the relationship between the motor 
tasks within the training program (Silverman, Woods, & 
Subramaniam, 1998; Vandorpe, Vandendriessche, Vaeyens, 
Pion, Lefevre, Philippaerts, & Lenoir, 2011; Rebelo-Gon- 
calves, Coelho-e-Silva, Severino, Tessitore, & Figueiredo, 
2015). 

The study purpose was to determine the specific features 
of the effect of the number of repetitions and rest intervals 
on the effectiveness of the standing long jump training pro- 
gram for 14-year-old girls. 


Materials and methods 


Study Participants 


The study participans were 40 girls aged 14. The study 
participants were informed about all the features of the ex- 
periment and gave their consent to participate therein. 


Study Organization 


The study used methods of analysis of scientific and 
methodological literature, observation, pedagogical experi- 
ment, and methods of mathematical statistics. 

The pedagogical experiment was designed as a full fac- 
torial experiment with a 2* factorial design. The effect of 
the number of repetitions (6 to 12 times) and the rest in- 
terval (60 to 120 s) on the effectiveness of the standing long 
jump training program for 14-year-old girls was investigated 
(Table 1). The study recorded the number of repetitions nec- 
essary for the correct performance of the task in three con- 
secutive repetitions. 

Standing long jump technique. Before jumping, the 
school student places his feet parallel at a distance of 10-15 
cm, performs a rhythmic half-squat with the body leaning 


Table 1. Design of the full factorial experiment with a 
2* factorial design 


Experimental N Number of repetitions, Rest 
groups times interval, s 
1 10 6 (3 sets of 2 repetitions) 60 
2 10 12 (6 sets of 2 repetitions) 60 
3 10 6 (3 sets of 2 repetitions) 120 
4 10 12 (6 sets of 2 repetitions) 120 


forward, with arm movements back and forth, without sepa- 
rating the heels from the ground. Significantly leaning the 
body forward and losing balance, sharply extends the legs 
and body, makes a wave of the arms forward and upward so 
that by the end of the take-off, the legs, body and arms form 
one straight line at an angle of 45°. The main feature of the 
standing long jump technique (besides the lack of running) 
is that the take-off is performed simultaneously with both 
legs. 

In flight, the school student needs to relax his muscles 
and maintain a short pause in free flight, before the end of 
which the school student’s body assumes an arched position. 
In the second half of the flight, the school student prepares 
for landing: he quickly lowers his arms forward-down-back, 
pulls his knees to his chest and, extending his legs at the knee 
joints, ‘throws’ his lower legs forward. The end of leg exten- 
sion in the knee joints should coincide with the moment of 
landing. 

Landing, complement the movements by bringing the 
pelvis forward, strongly arching in the lumbar part of the 
spine (by bringing the pelvis forward) and rolling over the 
toes, it is important not to lose balance and not to fall back. 
To this end, the legs are extremely bent at the knee joints, and 
the arms are actively extended forward. 

Standing long jump exercise training program. The pro- 
gram of algorithmic instructions was organized taking into 
account the data of Hohin and Hohina (2006, 2008), Khu- 
dolii (2009) and included six series of training tasks (Table 2). 


Statistical Analysis 


The experimental data were processed using the SPSS 20 
statistical analysis application software. Discriminant analy- 
sis was carried out. 

The study protocol was approved by the Ethics Com- 
mittee of the University. Furthermore, the children and their 
parents or legal guardians were fully informed about all the 
special aspects of the study and a signed informed consent 
document was obtained from all parents. 


Results 


The experimental data analysis showed that the modes 
of alternating physical exercises and rest intervals have a 
statistically significant effect on the formation of the motor 
skill of standing long jump in 14-year-old girls (p<0.001). It 
is after the third exercise performance mode that the girls 
spent the smallest total number of repetitions required for 
the formation of the standing long jump skill. Thus, the 1*, 
4" and 6" series of training tasks are learned faster after the 
third exercise performance mode, the 3" series of training 
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14-Year-Old Girls 


Table 2. Standing long jump exercise training program 


Information frame (what we perform) 


30 s rope jumping. 
Jumps with straight legs pulled up. 


Multiple forward jumps. 


Performing imitative movements with 
arms, in place. 


Take the correct landing position and fix 
it for 5s. 


Vertical jump in place. 


Jumps on two legs with the knees pulled up 
to the chest. 


From a lying support, push the arms and 
legs to squat, arms forward. 


Bringing the pelvis forward. 


Multiple jumps forward-up from a squat. 


Multiple jumps up and forward in jumps 
from foot to foot. 


Squats on one leg. 


Jumping out of a squat on one leg. 


Jumps on two legs over obstacles 50 cm 
high. 
Jumps on two legs with forward movement. 


Standing jump with double take-off onto 
an elevated support. 


Standing long jump preceeded by 2-3 
rhythmic squats with the torso bends 
forward. 


Standing long jump with back-and-forth 
arm movements without leaving the heels 
off the ground. 


Standing long jump. 


Operational frame (how we perform) 


First series of training tasks: 


a) on two legs with forward rotation; 
6) on two legs with backward rotation. 


Taking off with two legs, in place. 
On two legs, 8 to 12 jumps. 


Second series of training tasks: 


Half-squats with the torso bends forward, 
arm movements back and forth, without 
separating the heels from the surface. 


Squat on the whole foot, feet parallel at 
a distance of 10-15 cm, hands forward 
outward, head straight. 


Landing in a squat on the toes with a 
transition to the whole foot. 


Third series of training tasks: 
Taking off with two legs, in place. 


When performing this exercise, the 
school student needs to ensure that after 
pushing with his hands and legs, there is 
an airborne phase, the flight phase. 


By strongly arching in the lumbar part of 
the spine. 


2-3 series of 10-15 times. 


Fourth series of training tasks: 
2 series of 10-15 times. 


10 to 12 squats on each leg. 
Repeat 3-4 times on each leg. 


Fifth series of training tasks: 
Perform with a stronger push of the legs. 


Complicating the exercise by touching 
landmarks with hands. 


Pay attention to take-off. 


Sixth series of training tasks: 


Perform the exercise as quickly as 
possible, keeping to the technique. 


Perform the exercise as quickly as 
possible, keeping to the technique. 


Perform the exercise in accordance with 
the technique described above. 


Control frame (proceed to learn the next 
exercise) 


If the school student performs 40 to 50 jumps, 
then proceed to the next exercise. 


If the school student performs 10 to 15 jumps, 
then proceed to the next exercise. 


If the school student performs 3 series, then 
proceed to the next exercise. 


If the school student performs 3-4 series of 2-3 
rhythmical movements, then proceed to the next 
exercise. 


If the school student performs 4 to 6 times, then 
proceed to the next exercise. 


If the school student performs 10 to 12 times, 
then proceed to the next exercise. 


If the school student performs 10 to 12 times, 
then proceed to the next exercise. 


If the school student performs 10 to 12 times, 
then proceed to the next exercise. 


Be able to perform in a series of 5 attempts. 


If the school student performs, then proceed to 
the next exercise. 


If the school student performs, then proceed to 
the next exercise. 


If the school student performs 2-3 series, then 
proceed to the next exercise. 


If the school student performs 2-3 series, then 
proceed to the next exercise. 


If the school student performs 3-5 series of 4-6 
times, then proceed to the next exercise. 


If the school student performs 4-6 series of 4-6 
times, then proceed to the next exercise. 


If the school student performs 2 series of 10 
times, then proceed to the next exercise. 


Be able to perform in a series of 3-5 attempts. 


Be able to perform in a series of 3 attempts. 


The correct performance of a series of 3-5 at- 
tempts. 


tasks is learned faster after the second exercise performance 
mode, and the 2™ and 5" series of training tasks are learned 
faster after the fourth exercise performance mode (p<0.001) 
(Table 3). 

The conducted discriminant analysis indicates the statis- 
tical significance of the obtained discriminant functions (Ta- 
bles 4, 5). The first and second discriminant functions explain 


93.9% of the variation in the results and have high canonical 
correlation values. Testing of the functions indicates their 
reliability in the classification of the modes of exercise per- 
formance and rest intervals based on the results of formation 
of the motor skill of standing long jump in 14-year-old girls. 

The standardized coefficients of the discriminant func- 
tions made it possible to establish the weight of motor tasks 
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Table 3. Group Statistics. Tests of Equality of Group Means 


Exercise performance modes 


Training tasks 1 2 3 4 F p 
Mean SD Mean SD Mean SD Mean SD 
1 series of training tasks 4.6 0.69921 6.2 0.42164 3:3 0.67495 4.0 0.66667 39.043 0.000 
24 series of training tasks 11.2 1.81353 11.5 1.35401 9.7 1.33749 7.9 1.52388 11.794 0.000 
3" series of training tasks 7.2 1.03280 5.9 0.99443 11.6 1.26491 8.0 0.94281 52.482 0.000 
4" series of training tasks 9.8 1.22927 9.4 1.42984 6.0 0.81650 11.8 1.31656 38.933 0.000 
5" series of training tasks 10.5 1.58114 12.7 1.49443 13.2 1.54919 = 9.7 1.33749 12.803 0.000 
6" series of training tasks 6.8 2.61619 10.5 3.56682 5.6 2.98887 12.0 3.16228 9.471 0.000 
Total repetitions 50.1 1.49535 56.2 1.54352 49.4 1.43865 53.4 1.49161 
Table 4. Eigenvalues Table 7. Structure Matrix 
Punchon:  Fiscnvala % of Cumulative Canonical : a Eanction 
§ © Venta % (Correlation Series of training tasks ; 5 3 
: tee ee es oe 3* series of training tasks -0.645 -0.008 0.033 
2 4.192 26.8 93.9 0.899 
1 series of training tasks 0.490 0.401 0.245 
3 0.955 6.1 100.0 0.699 
4" series of training tasks 0.397 -0.608 0.210 
Table 5. Wilks’ Lambda 5" series of training tasks -0.114 0.458 0.227 
ar eee a ; 
Testor Fanctionte ees Giese dh) Se 6" series of training tasks 0.170 0.185 0.598 
ames 2™4 series of training tasks 0.129 0.379 -0.466 
1 through 3 0.009 161.830 18 0.000 
2 through 3 0.099 78.798 10 0.000 Table 8. Functions at Group Centroids 
3 0.512 22.194 4 0.000 Exercise performance Function 
modes 
Table 6. Standardized Canonical Discriminant Function i 2 2 
Coefficients 1 1.342 -.399 -1.542 
F 5 2 3.317 2.198 0.691 
: ie unction 
Series of training tasks j 5 5 3 -4.988 1.160 0.094 
1“ series of training tasks 0.511 0.501 0.407 : ne Ba sal 
nd gars ise 
2™ series of training tasks ala OehGe “ The Functions at Group Centroids analysis shows that 
3" series of training tasks -0.844 -0.185 0.164 the third and second modes of exercise performance are dia- 
4" series of training tasks 0.284 -0.853 -0.146 metrically distinguished by the total effect on the formation 
feceec _ of the motor skill of standing long jump. The third mode of 
7 Sen Onreunins ta “Dat sea nay exercise performance has the greatest total effectiveness in 
6" series of training tasks 0.099 0.047 0.722 the formation of the motor skill (Table 8). 


under different exercise performance modes. Thus, in the 
analysis of the four exercise performance modes, the third 
and first series of training tasks have the greatest weight 
(first function); in the analysis of 2-4 exercise performance 
modes, the fourth series of training tasks has the greatest 
weight (second function); and in the analysis of 3-4 exercise 
performance modes, the second and sixth series of training 
tasks have the greatest weight (third function) (Table 6). 

The structure coefficients of the discriminant func- 
tions indicate a correlation between the motor tasks and the 
function values. Thus, the third and first series of training 
tasks have the highest correlation with the first function; the 
fourth and fifth series of training tasks have the highest cor- 
relation with the second function; and the second and sixth 
series of training tasks have the highest correlation with the 
third function (Table 7). 


Discussion 


The study found out the specific features of the forma- 
tion of the motor skill of standing long jump in 14-year-old 
girls depending on the modes of alternating exercise perfor- 
mance and rest intervals. It was established that the mode of 
alternating exercises in 3 sets of 2 repetitions with a rest in- 
terval of 120 s is classified as the most rational. The obtained 
data complement the results of the study on the influence of 
work modes on the formation of motor skills (Marchenko et 
al, 2021, 2022; Shuieva et al., 2021). 

A specific feature of the formation of the motor skill is 
that each of the modes can be considered as a priority for one 
or another motor task. On the one hand, in the process of 
the motor skill formation, a physical education teacher can 
change over from one mode to another; on the other hand, 
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choosing the best mode based on the total score improves 
the controllability of the learning process. So, the proposed 
exercise performance modes characterize the integrity of 
the learning process and contribute to increasing the motor 
activity of girls. The data complement the results of the study 
on the organization of the learning process having an effect 
on the increase in motor activity of school students (Fisher et 
al., 2005; Fernandez- Valero et al., 2021; Nurulfa et al, 2021). 

The analysis of the standardized and structure discrimi- 
nant function coefficients made it possible to identify the 
training tasks that have the greatest weight and the highest 
correlation with the results of the discriminant functions. 
The obtained data give grounds for asserting that the train- 
ing tasks are interconnected and characterize an integral 
standing long jump training program for 14-year-old girls. 
The data complement the results of the study on the im- 
portance of selecting motor tasks and organizing training 
programs (Thomaidou et al., 2021; Suprun et al., 2021; Khar- 
kovshchenko, 2022) and the results of the study on discrimi- 
nant analysis making it possible to classify work modes and 


Table 9. Classification Results* 


Exercise Predicted Group 
performance Membership Total 
modes 1 2) 33 4 

L 8 0 0 2 10 

2 0 10 0 0 10 
Count 

3 0 0 10 0 10 

4 0 0 10 10 

Original 

1 80.0 0 0 20.0 100.0 

2 0 100.0 0 .0 100.0 
% 

3 0 .0 100.0 .0 100.0 

4 0 0 -0 100.0 100.0 


a. 95.0% of original grouped cases correctly classified. 


Canonical Discriminant Functions 


Exercise 
performance 
modes 


Ungrouped Cases 
Group Centroid 


Function 2 


Function 1 


Fig. 1. Canonical discriminant functions. A graphical display of 
the results of the classification of the modes of performance of 
training tasks in teaching the standing long jump to 14-year-old 
girls: = - centroids for training task performance modes 1, 2, 3, 4. 


determine the relationship between the motor tasks within 
the training program (Silverman et al., 1998; Vandorpe et al., 
2011; Rebelo-Gongalves et al., 2015). 

The effectiveness of using discriminant analysis is con- 
firmed by the fact that 95% of the data were classified cor- 
rectly (Table 9). A graphical display of the results of the clas- 
sification of the modes of performance of training tasks in 
the process of teaching the standing long jump to 14-year- 
old girls makes it possible to choose the best option (Fig. 1). 


Conclusions 


It was established that the mode of alternating exercises 
in 3 sets of 2 repetitions with a rest interval of 120 s is classi- 
fied as the most rational. A specific feature of the formation 
of the motor skill is that each of the modes can be considered 
as a priority for one or another motor task. 

In the investigation of the learning process, discrimi- 
nant analysis makes it possible to classify work modes and 
determine the relationship between the motor tasks within 
the training program. 
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Abstract 


Background. Sport and fitness are physical requirements in the same way that humans require food and water. On 
the other hand, sport and fitness is a highly complex field of study, complicating attempts to define critical terms, 


resulting in a relative lack of scientometric analysis. 


The study goal is to look at the development of sport and fitness research around the world, using the Scopus and 


Web of Science databases as its foundation. 


Materials and methods. Publications are gathered using the Scopus and Web of Science databases as well as 
scientometric parameters, including worldwide publication trends, the authors who receive the most citations, the 


amount of citations, and author keywords. 


Results. The results show the authors’ keywords analysis was inspected based on their relationship to physical 


activity, physical exercise, and physical training. The United States was the most active country, with 601 publications. 
As expected, the United States is a leader in physical activity promotion, with 19.3 percent of the population 
participating in sports and exercising daily in 2019. The International Journal of Environmental Research and Public 
Health from Switzerland leads 68 publications, which is another noteworthy finding. Additionally, according to this 
analysis, Ortega, EB., of the School of Medicine, University of Granada, Madrid, Spain, is the author who publishes 


the most documents with 33 in total. 


Conclusions. According to our research, the top five keywords that gained traction over the previous two years were 


» 


“Cardiorespiratory Fitness,’ “Body Composition,” “Health,” “Physical Activity,” and “Adolescents.” The study value 
to the field of sports and fitness is that it provides readers and upcoming researchers with a wide range of sports 
and fitness trends from the past and present. Additionally, the study findings will aid future academics in predicting 


potential industry trends. 


Keywords: Sports and fitness, Physical activity, Cardiorespiratory fitness, Scientometric. 


Introduction 


Fitness became extremely popular toward the end of the 
twentieth century. And as the fitness industry grew in prom- 
inence over the next decade, it sparked increased interest 
in newspapers and other media outlets (Agerbo, 2016). It is 
also the shreds of evidence that wearable sports and fitness 
technologies have found commercial success (Vidal et al., 


2021). Wearable technology, the top fitness trend worldwide 
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since 2016, is evolving rapidly and unpredictably, and the 
wearables industry is expected to be worth US$27 billion 
by 2022 (Ash et al., 2020; Diiking et al., 2018; Thompson, 
2018). In Europe, 40,000 sports and fitness facilities attract 
40 million customers, while the same customer base in the 
United States generates annual revenue of around 22 billion 
USD (Avourdiadou & Theodorakis, 2014). The United States 
Department of Labor reported over 260,000 instructors in 
2012. European countries have seen the same trend: the Min- 
istry of Youth Affairs and Sports in France recorded 10,000 
gyms in 2013 (Fontan et al., 2017). Furthermore, a recurring 
theme in the marketing and service literature is the need for 
more comprehensive models to clarify the role of the main 
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drivers explaining customer loyalty (behavioural intentions 
and purchase decisions), particularly in the context of sports 
and fitness (Theodorakis et al., 2014). This demonstrates that 
sport and fitness are an unavoidable requirement for every 
individual to support various activities and productivity. It is 
an up-and-coming field of science in the future. 

The world’s population now includes sports and physi- 
cal education as part of their lifestyles (Sofyan et al., 2022). 
Keeping health as a top priority and advancing education 
reforms emphasising sports are both imperatives that must 
be upheld (Chen & Chen, 2017). In addition to tradition- 
al fitness activities, exercise may assist in achieving fitness 
goals (Beaudet et al., 2004). People who participate in fit- 
ness activities work to change their body capital in terms of 
physical appearance (e.g., lean, toned) and bodily functions 
(e.g., strong body) (Stewart et al., 2013). Understanding the 
factors that influence sports participation is critical for en- 
couraging physical activity and the development of an active 
lifestyle (De Meester et al., 2020). Exercise and fitness are al- 
lotted a limited amount of time (Crook, 2013). Nonetheless, 
as sports and fitness grow in popularity, so does the demand 
for professionals in sports information. As a result, sports 
information becomes more accessible to the general public 
and the sports community. 

When it comes to health benefits, exercise is a two-edged 
sword. The beneficial effect is primarily achieved through 
physical activity, which is a significant component of most 
sports (Malm et al., 2019). Sport and fitness, on the other 
hand, is a very complex field of study, making it challeng- 
ing to define critical terms (Kielty, 2010). Recent research 
indicates that fitness and exercise accompany various social, 
economic, and physical environmental factors, but some is- 
sues, such as how people engage in fitness activities, have 
received little attention (Wu et al., 2018). Sports as a form 
of physical fitness should embrace the idea of low-carbon 
energy, promote physical activity in an environment that is 
energy-efficient, foster a vibrant fitness culture, encourage 
people to lead healthy lives through scientific fitness, protect 
the environment in a variety of ways, and make an energy- 
saving and low-carbon contribution to the sports industry 
(Li, 2012). 

Several upstream studies have been conducted. People 
with lower levels of physical fitness are frequently in poorer 
health (Robertson et al., 2000). Adolescents’ negative impact 
on secondary health conditions can be reduced by improv- 
ing their basic motor skills and physical fitness as they en- 
ter adulthood (Foley et al., 2008). It is well established that 
maintaining a high level of physical fitness has numerous 
positive effects on adolescents’ mental and physical health, 
including preventing obesity, cardiovascular and metabolic 
illness, and musculoskeletal issues (i.e., depression, anxiety, 
stress, and quality of life) (Biernat, 2011; Esteban-Cornejo 
et al., 2014; Janssen & Leblanc, 2010; Smith et al., 2014). 
Popular among kids, sport is a systematic kind of physical 
activity that has been connected to a range of psychological 
and social health outcomes, including improved social skills, 
lower depressive symptoms, higher self-esteem, and higher 
competence (Eime et al., 2013). 

Due to the importance of sport and fitness, many stud- 
ies have been carried out to scale most of the topics related 
to physical activity (Barber, 2007; Elbe et al., 2017; Fenton 
et al., 2016), national fitness policies (Tan, 2015), exercise 


and the environment (Thorpe et al., 2021), fitness and health 
(Grant et al., 2014), recovery and rehabilitation (Morton et 
al., 2016), multi-activity sports (Gerdin & Pringle, 2017), 
event marketing (Kurscheidt et al., 2003), neuromuscular 
and metabolic (Vachon et al., 2020), fitness center business 
(Leén-Quismondo et al., 2020), fitness industry (Zhang & 
Wang, 2012). In addition, several scientometric studies have 
been conducted regarding the evaluation of sports source 
titles (Blaginin et al., 2020; Elahi et al., 2020; Kusugal, 2018); 
positive youth development (Qi et al., 2022); athletic perfor- 
mance (Lombardo & Emiah, 2014); sports science (Yamin- 
firooz et al., 2014); eSports (Vanegas et al., 2018); sports 
sociology (Tian & Wise, 2020); sport sciences researchers 
(Soufi et al., 2018); fitness model (Ke, 2013). 

Despite the importance of exercise and sports, sciento- 
metrics research in this area has not received much atten- 
tion. The goal of this study is to analyze major works in the 
disciplines of sports and fitness that were published between 
1919 to 2022. It is crucial to spot trends in research that has 
been published in journals in order to summarize the state 
of the literature at the time of this study. Responses to the 
following research questions were sought: 

1. What are the most well-known sources, represen- 
tative nations, and important organizations in the 
field of sport and fitness research? 

2. What are the author’s main keyword sources and 
influential sports and fitness-related topics? 

3. How the major author keyword in the sports and 
fitness industries has changed over the past few de- 
cades? 


Reasons for Scientometric Analysis 


Using mathematical statistics, computing technol- 
ogy, and other mathematical techniques, scientometrics is 
a quantitative analysis of the input, output, and process of 
scientific activity (Zhou et al., 2019). Scientometrics is the 
creation of quantitative research techniques for the exami- 
nation of the growth of science as a process for the trans- 
mission of knowledge (Chellappandi & Vijayakumar, 2018; 
Gonzales et al., 2021; Mingers & Leydesdorff, 2015; Ramy 
et al., 2018), communication in science, and science policy 
(Mohan & Kumbar, 2021; Velmurugan & Radhakrishnan, 
2015), while analyzing patterns and the slow progression of 
scientific findings (Nyika et al., 2021). In comparison to the 
sociology of science, scientometrics has advanced signifi- 
cantly, and it now more closely resembles library and infor- 
mation science (Leydesdorff & Milojevic, 2015). To have a 
deeper knowledge, scientometric analysis is required (Lai 
et al., 2017). 

Scientometrics frequently employs statistical and math- 
ematical techniques to quantitatively and qualitatively ex- 
amine scientific literature (Nath & Jana, 2021). The benefits 
of research collaboration have been amply demonstrated 
through the application of scientometrics and social net- 
work analysis (Ceballos et al., 2017). Scientometric data is a 
tool for analyzing the quality and productivity of scientific 
research, as well as the breadth and advancement of sci- 
entific research (Wani & Zainab, 2017; Young et al., 2015). 
ScientoPy is a script-based Python tool for performing tem- 
poral scientometric analysis. We can use temporal analysis 
to pinpoint the emergence of a new phenomenon and its 
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development into a trend or emerging issue (Ruiz-Rosero et 
al., 2017). Throughout the course of this study, scientometric 
indicators pertaining to publication, topic, source title, and 
citation trends and progressions were examined (Li et al., 
2016). Numerous bibliographic databases are analyzed us- 
ing the scientometric methodology (Martynov et al., 2020). 
Locating and extracting papers on a research-related topic is 
the first stage in performing a scientometric study (Malak- 
outikhah et al., 2021). 


Materials and methods 


The number of publications in any field of study contrib- 
uted to persuasive arguments for scholars to collect relevant 
(Aziz et al., 2022). In order to fully comprehend the patterns 
of sport and fitness research, this study uses information 
framework mapping methods to analyze the research situa- 
tion and construct the existing theoretical structure (Abdul- 
lah, 2021), the objectives of the research must be made clear 
early on in this review (Abdullah & Abd Aziz, 2021). Scien- 
toPy software was used to analyze this scintometric analysis. 
A special piece of software for analyzing bibliographic re- 
cords is called ScientoPy. It is a Python script that creates a 
list of the most popular themes by author, author, and nation 
keywords, as well as related papers (Pabon et al., 2020), and 
it removes the chance of bias that can happen in individual 
studies (Ruiz-Rosero et al., 2017). hroughout the course of 
this study, scientometric indicators pertaining to publica- 
tion, topic, source title, and citation trends and progressions 
were examined (Li et al., 2016). Numerous bibliographic 
databases are analyzed using the scientometric methodol- 
ogy (Martynov et al., 2020). Locating and extracting papers 
on a research-related topic is the first stage in performing a 
scientometric study (Malakoutikhah et al., 2021). However, 
analyzing author names (such as those on a primary list of 
authors) poses a risk of bias in the study because of potential 
name similarity. 


Search Strategy 


On October 8, 2022, data was collected from two well- 
known databases with high impact factors, Scopus and 
Web of Science (WoS). Initially, the string search strategy 
used TITLE-ABS-KEY in Scopus and Topic in WoS, but 
the amount of metadata was very large, and many articles 
were not related to sports and fitness after manual checking 
of existing documents. As a result, the search strategy was 
modified to use the search string TITLE. As a result, 3,013 
documents were obtained from the Scopus database and 


3,267 documents from the WoS database. The keyword ter- 
minology is well-known and not novel, particularly among 
sports researchers. For instance, there are a lot of published 
data in other, more well-known topics and disciplines. Addi- 
tionally, publications whose authors did not use the acronym 
sports and fitness in terms that correspond to the terminol- 
ogy have been located using the conjunction “OR.” In table 
1, the search string and data retrieval in both databases are 
explained. 


Data repossession and management 


All duplicate articles can be removed by Scientopy soft- 
ware during data pre-processing. In this study, repossession 
data was pre-processed. ScientoPy processed data at this 
stage using the following document types: conference paper, 
article, review, and proceeding paper (Ruiz-Rosero et al., 
2019). This research excluded books, book series, and let- 
ters. The simplification of author names is another function 
of pre-processing. The author’s initial and last names fre- 
quently don’t match up in published works. By applying pre- 
processing, ScientoPy may condense names, accents, and 
abbreviations. due to the fact that names are shortened or 
simplified while discussing things like countries, language, 
and organisations (Pabon et al., 2020). Figure 1 shows the 
accuracy of data collection and using PRIMA. 


Records removed before 
screening. 
Duplicate records removed 

(n= 171) 


> Omitted papers by document 
type (n = 1,114) 


Reports not retrieved 
(n = 1,337 ) 


Records identified from*: 
Databases (n = 6,277) 
Scopus = 3,011 
Web of Science = 3,266 


‘ 


Loaded papers 
(n = 6,106) 


Identification 


Total papers after omitted papers 
removed (n = 4,992 ) 


y 


Screening 


Reports assessed for eligibility 

(n = 4,992 ) Duplicated papers found = 1871 
From Scopus (n = 1852) 
From WoS (n= 19) 

Studies included in review 
(n = 3,121) 
Scopus = 822 
Web of Science = 2299 


Fig. 1. Flow diagram of searches of databases and registers 


Table 1. The search string and retrieval data of sports and fitness 


Search Field 
TITLE-ABS-KEY = 38,839 
document results 


TITLE = 3,011 document 
result 


TOPIC = 36,880 results from 
Core Collection 


Database 


Scopus 


Web of Science 
Tilte = 3,266 results from Core 


Collection 


Search String 


TITLE-ABS-KEY ((“sport*” OR “physical activ*” OR “physical exercise*” OR 
“physical training”) AND (“fitness”)) 

TITLE ((“sport*” OR “physical activ*” OR “physical exercise*” OR “physical 
training”) AND (“fitness”)) 

Results for (“sport*” OR “physical activ” OR “physical exercise*” OR 
“physical training”) AND (“fitness”) (Topic) 


Results for (“sport*” OR “physical activ’ OR “physical exercise*” OR 
“physical training”) AND (“fitness”) (Title) 
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Results 


The researcher conducts and delivers a process analysis 
in this section that enables the reader to comprehend the 
current state of the sport and fitness research landscape as 
well as anticipated publication patterns that will be helpful 
for future study. The time frame covered by our review inves- 
tigation is from January 1 of 1990 to December 31, 2021. The 
initiation year is preconfigured by default in the ScientoPy 
software since the software suggests this configuration. Both 
databases’ history of sports and fitness papers reveals a strik- 
ing trend, where this industry has expanded greatly since 
2013. 126 publications came from both databases this year. 
Additionally, 482 (18.08%) papers released in the two most 
recent years (2020 to 2021) have been published, of which 
234 (8.77%) documents in 2020 (188 documents in WoS 
and 46 documents in Scopus) and 248 (9.31%) documents 
in 2021 have been published (215 documents in WoS and 
33 documents in Scopus). 

However, by making changes to the ScientoPy global 
settings file, we can alter the filter for this particular docu- 
ment type. The most common form of document tracked 
was an article, which had up to 2264 published manuscripts. 
With an AGR of 29.05, it can be concluded that there has 
been an upward trend or growth in the quantity of docu- 
ments produced on a given subject. Accordingly, depend- 
ing on the type of article document, the average number 
of documents issued each year varies from the preceding 
year. With a total of 215 manuscripts, review articles are 
the second most common type of document. The third to 
sixth types of documents are 181 proceedings paper, confer- 
ence paper (40), book chapter (20), and two articles in press, 
respectively. 

According to an in-depth search of the ScientoPy soft- 
ware, of all the types of documents available, reviews re- 
ceive the most citations. Janssen and LeBlanc’s (2010) review, 
“Systematic review of the health benefits of physical activity 
and fitness in school-aged children and youth,” published in 
the International Journal of Behavioral Nutrition and Physi- 
cal Activity, BioMed Central Ltd., United Kingdom, received 
2,742 citations. This review explains that physical activity 
has been linked to a variety of health benefits. The dose- 
response connections seen in observational research imply 
that your health will improve as you increase your physical 
activity level. The outcomes of experiments demonstrate that 
high-risk children’s health can be improved by even modest 
levels of physical activity (e.g., obese). To reap major health 
benefits, one must engage in physical exercise of at least 
moderate intensity. High-intensity activities might poten- 
tially be more advantageous. The largest health benefit came 
from aerobic-based exercises, with the exception of bone 
health, which needed high-impact weight-bearing activities. 

Based on the data retrieved from the ScintoPy software, 
Table 2 lists the number of authors who regularly produced 
articles on sports and fitness. The total number of publi- 
cations, Average Growth Rate (AGR), Average Documents 
per Year (ADY), Percentage of Documents in the Last Years 
(PDLY), and the author's h-index are all listed in the table. 
The top five authors who have made at least 29 publications 
and have contributed to sport and fitness are listed in Table 
2. Citing key researchers in our investigation helps with both 
distribution and scientific acclaim. One of the lead authors 


is Ortega, EB., who has 33 published publications and works 
at the Unit for Preventive Nutrition, Department of Bio- 
sciences and Nutrition at NOVUM, Karolinska Institutet, 
Huddinge, Sweden, and Department of Physiology, School 
of Medicine, University of Granada, Madrid, Spain. 

One of the articles written by Ortega, FB. (2010) has 
been published and received the most citations written with 
Ruiz, J.R., Hurtig-Wennlof, A., Vicente-Rodrguez, G., Rizzo, 
N.S., Castillo, M.J., and Sjostrom, M., entitled “Cardiovascu- 
lar fitness modifies the associations between physical activity 
and abdominal adiposity in children and adolescents: the 
European Youth Heart Study”. The findings from this study 
provide information that abdomen adiposity is adversely 
correlated with cardiovascular fitness, and it appears that 
cardiovascular fitness modifies the relationships between 
physical activity and abdominal adiposity. The main fac- 
tor that appears to be connected to abdominal obesity in 
under-fit children and adolescents is time spent engaging 
in vigorous physical activity. This discovery should be taken 
into account as lifestyle intervention tactics are developed 
further. It is necessary to confirm the findings from the high- 
fit group. 

The average growth rate (AGR) each year is -1.5, mean- 
ing that the number of documents released for a topic does 
not increase significantly. This suggests that the author suf- 
fers a decrease in the average number of documents pub- 
lished every year when compared to the previous year. The 
average number of documents published each year is in- 
creasing, with an average of 2.05 documents per year (ADY) 
and a positive trend. Documents in recent years as a percent- 
age (PDLY) are 15.02, indicating a good trend. Additional 
authors in the field of fitness and sport are listed in Table 2. 


Table 2. The top five most active authors 


Pos. Author Total AGR ADY PDLY h Index 
1 Ortega, FB. 33 -1.5 2.05 15.02 22 
2 Ruiz, J.R. 32 -0.5 0.05 3.01 22 
3 Blair, S.N. 30 -1.0 0.05 3.03 22 
4 Ekelund,U. 29 0.05 2.00 13.08 19 
5 Mota, J. 29 -1.0 1.00 6.09 17 


Popular source titles, representative 
countries, and key institutions 


Each author who contributes to a publication is con- 
nected to a certain organization. Scientopy also utilizes this 
data in the process. This analysis enhances the reputation of 
the organization and motivates people to keep reporting it in 
order to improve its ranking. Journals, conference proceed- 
ings, and books all qualify as sources. The top 10 sources are 
listed in Figure 2 according to the quantity of articles that 
were published between 1990 to 2021. 

The scientific sources with the most associated publica- 
tions have been gathered into a list. The top 10 scientific 
sources for sports and fitness research are shown in Figure 
2 by order of publication. This analysis detects the current 
sports and fitness-related research publications. This results 
shows that, with 68 published articles, the International 
Journal of Environmental Research and Public Health is the 
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top scholarly source for sports and fitness-related publica- 
tions. The Journal of Sports Sciences is in third place with 45 
documents, Medicine and Science in Sports and Exercise is 
in second place with 54 documents, and the Journal of Phys- 
ical Activity & Health is in fourth place with 41 documents. 
These four scientific sources are the only ones with more 
than 40 publications. The International Journal of Environ- 
mental Research and Public Health has attracted 72.01% 
of publications pertaining to sports and fitness, which is in 
line with recent trends (2020 and 2021). Theory I Practical 
Fizicheskoy Kultury (25.07%) and the Journal of Sports Sci- 
ences (22.02%) are two further scientific journals that have 
produced papers more than 20% in 2020 and 2021. 


International Journal of Environmental Research and Public Health 2% 
Medicine and Science in Sports and Exercise 

Journal of Sports Sciences 

Jpumal of Physical Activity & Health 

Scandinavian Journal of Medicine & Science in Sports 
Teoriya i Praktika Fizicheskoy Kultury 

Journal of Sports Medicine and Physical Fitness 


Pediatric Exercise Science 
American Journal of Human Biology 
BMC Public Health, 


qh I Before 2020 
16% Gi Between 2020-2021 


i y 1 + 7 1 
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Total number of documents, with percentage of documents 
published in the last years 2020 - 2021 


Fig. 2. The 10 most active scientific sources in publishing 
manuscripts related to sports and fitness 


The nations with the greatest number of publications 
in this area have been collated in a list. The top ten nations, 
as determined by sports and fitness publications, are shown 
in Figure 3. Countries that are actively researching sports 
and fitness are identified through country analysis. Figure 3 
shows that the United States has 601 publications. Second, 
with 232 publications, is the Spain, followed by Spain with 
212 publications. Only these three countries have published 
more than 218 academic scholarly works, and the last is the 
United Kingdom with 214 publication. 
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Fig. 3. The top ten most active countries in the field of sport and 
fitness 


Publications list authors according to their specific in- 
stitution or affiliation. Future cooperation amongst scholars 
have been made possible by their knowledge of which in- 
stituions best represent sports and fitness. The top ten or- 
ganizations and nations that publish studies on sports and 
fitness are shown in a bar graph in Figure 4. The University 
of Granada in Spain has the most articles, according to Fig- 
ure 4 of this report (68 publications). With 53 publications, 
the University of Porto in Portugal took second place. The 


University of Jyvaskyla in Finland, with 41 publications, 
is in third position. Despite being in tenth place, the Uni- 
versity of Southern Denmark in Denmark has the highest 
PDLY (40.9%) of the nine other universities when it comes 
to working and conducting research on sports and fitness. 
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Univ Porto, Portugal 

Univ Jyvaskyla, Finland 

Karolinska Inst, Sweden 
Norwegian Sch Sport Sci, Norway 
Univ Illinois, United States 
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Fig. 4. The top ten most active institutions in the field of sport and 
fitness 


The author's keyword base and influential topics 


Author keywords are the words that the writers have 
specifically selected to characterize the content of a pub- 
lication. The writers’ keywords made it easier for readers 
and potential scholars to find important passages in articles. 
Many electronic search engines, databases, and journal web- 
sites use author keywords to discover pertinent publications. 
Using the authors’ keywords, ScientoPy might then follow 
the development ofa research question or search thesis. This 
section looks into the authors’ main keywords from earlier 
sports and fitness studies. To finish the workflow, research 
trends were found based on the authors’ keywords. Similar 
terms with British and American spellings, as well as sin- 
gular and plural keywords, have been recommended to be 
mixed. These manual exercises aid in data arrangement and 
prevent term duplication, producing findings that are more 
reliable. 

By analysing the top author’s keywords with the highest 
AGR, ScientoPy can spot hot auhtors keyword (as described 
in the “Topic growth indicators” section). Figure 5 charts the 
development of the most popular trending topics in the area 
of sports and fitness. The total number of documents is plot- 
ted using a logarithmic scale against the year of publication 
on the left side of this progression map. As a result, the first 
row on the X-axis denotes the year the topic study was start- 
ed, while the last line on the Y-axis displays the total number 
of documents produced for each topic. On the right’s Y-axis, 
the AGR of each topic for the years 2021-2022, as well as the 
PDLY, are displayed. This graph can be used to determine 
the topics that have the highest AGR and highest PDLY. As 
a result, “physical activity” (29,00) was the trending topic 
with the highest absolute increase, while “cardiorespiratory 
fitness,” (30,04), “body composition,’ (24,07) and “health” 
(24,02) were the three terms with the highest relative growth. 
Ten hot themes based on the author’s keywords are shown 
in Figure 5. 

Using cluster mapping, this study determined the co- 
occurrence of the authors’ keywords by identifying themes 
or issues related to sports and fitness. ScientoPy was used to 
do preliminary processing on a combination of Scopus and 
WoS metadata datasets before the VOSviewer was used to 
produce a network map. Additionally, this study mapped 
the co-occurrence of the writers’ keywords using a thesaurus 
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Fig. 5. Top 10 trending topics based on the author’s keyword 
evolution plot related to sport and fitness 


file. When combining similar terms, spelling changes, and 
singular or plural terms, such as accelerometer and acceler- 
ometry, sport and sports, thesaurus files are crucial. 

Figure 6 compares the number of times a keyword ap- 
pears in VOSviewer to the size of the node. The keyword will 
be more noticeable the darker the stain is. The thickness of 
the line between the terms, which represents the degree of 
co-occurrence, determines the strength of the association. 
The author keyword is also shown in Figure 6 as an over- 
lay graphic, emphasizing its connections to other keywords 
with the use of color, node size, text size, and connecting line 
thickness. 29 keywords were discovered to meet the current 
standard of having a minimum of 30 occurrences and 3,990 
total keywords. In the diagram, blue nodes represent pre- 
viously identified structures, whereas red nodes represent 
newly discovered structures. 

The results showed that “physical activity” was the 
keyword that appeared the most with 699 times, and had 


elderly 


a total link strength of 1068. “physical fitness” (491 occur- 
rences, 659 total link strength), “exercise” (316 occurrences, 
441 total link strength), “fitness” (229 occurrences, 353 to- 
tal link strength), “adolescents” (173 occurrences, 338 to- 
tal link strength), “children” (160 occurrences, 319 total 
link strength), “obesity” (148 occurrences, 297 total link 
strength), “cardiorespiratory fitness” (179 occurrences, 
274 total link strength), “health” (96 occurrences, 167 total 
link strength), “body composition” (78 occurrences, 140 to- 
tal link strength), “accelerometry” (74 occurrences, 122 total 
link strength), and “youth” 66 occurrences, 111 total link 
strength). Only these 12 keywords have a total link strength 
above 100. 

The VOSviewer results enabled us to deduce that the 
most frequently used keywords in 2013 were “cardiovascular 
disease” with 40 occurrences (77 tls). For these keywords, the 
article by Myers, J., et al. (2015), entitled “Physical Activity 
and Cardiorespiratory Fitness as Major Markers of Cardio- 
vascular Risk: Their Independent and Interwoven Impor- 
tance to Health Status” is the article that received the most 
citations, namely 401 citations. This review demonstrates 
that with losses so pronounced in recent generations, current 
patterns of physical activity are undoubtedly the lowest in 
human history, and forecasts for the future suggest addition- 
al global declines. Recent developments in statistical and epi- 
demiological approaches have made it possible to measure 
the separate impacts of cardiorespiratory fitness and physical 
activity on health outcomes. Based on more than 50 years 
of epidemiological research, it is now well recognized that 
higher levels of cardiorespiratory fitness and physical activity 
are associated with improved health outcomes. 

The most recent keyword that was initiated after 2016 
was “cardiorespiratory fitness,’ with an occurrence of 179. 
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This keyword had (274 total link strength). Other key- 
words that emerged after 2016 included “accelerometry” 
(74 occurence, 122 total link strength), “sedentary behav- 
ior” (43 occurence, 80 total link strength), “physical edu- 
cation” (50 occurrence, 70 total link strength), “quality of 
life” (40 occurrence, 66 total link strength), “intervention” 
(32 occurrence, 65 total link strength), “students” (31 occur- 
rence, 39 total link strength), “physical exercise” (41 occur- 
rence, 36 total link strength). 


Discussion 


One of the most crucial processes in scientometrics 
analysis is pre-processing because the quality of the data af- 
fects the quality of the results (Cobo et al., 2011). One of the 
most crucial preprocessing stages that enables data quality, 
especially when working with datasets from two separate da- 
tabases, is the elimination of duplication. This is crucial since 
even one article manuscript may contain more than two data 
in the Database, despite the fact that we claim to be able to 
filter metadata that may contain duplicate data. 

Based on their excellence in scientific work for various 
academic fields, Scopus and Web of Science have proven to 
be the top data sources and have high impact factors. The 
scope and content of the well-known bibliometric databases 
Web of Science (WoS) and Scopus are the product of the in- 
dexation philosophies of their proprietors (Stahlschmidt & 
Stephen, 2022). However, major databases limit their capac- 
ity to offer an adequate selection of research materials. Al- 
though large databases do offer research, their scope is much 
wider and diverse than subject-specific resources (Marc- 
oncin et al., 2022). As a result, many universities require 
their professors to publish their scientific work in Scopus- 
indexed journals to increase the prestige of the university, 
attract new students, and absorb research funds. In addition, 
the university requires full-time professors to post articles 
on the Web of Science. From the other side, students, for ex- 
ample, we can see that publication in Scopus/W0S is a fairly 
formidable challenge that must be overcome. Even in many 
countries, Indonesia, for example, to complete a doctoral 
program (PhD), must publish academic papers in Scopus 
indexed journals. The negative impact of this rule is that 
many students are trapped in predatory journals. Not a few 
students are slow in completing their studies, and in the ex- 
treme, they drop out of college. Of course, this is inhumane, 
because with one condition that is not fulfilled (cannot pub- 
lish articles on Scopus), doctoral students must thwart the 
struggle. That is a proven fact. 

The first paper in this sports and fitness review, entitled 
“Physical Exercise and Physiological Fitness,’ was published 
in 1919. The Journal of the American Medical Association, 
73(1), 37, was published. This paper tells us that physical 
exercise is not uncommon to the point of excessive, resulting 
in final injury rather than benefit. Although intensive train- 
ing is generally beneficial, failure to adapt to the increasing 
demands of work is always a concern and a clue that alter- 
native methods of improving organisms should be found 
(1919). It is interesting to examine more deeply the benefits 
and disadvantages of excessive physical activity and exercise. 
Not infrequently and in many cases, if the activity is carried 
out excessively, it can damage psychological, anatomical, and 
physiological factors, even to the level of triggering death. 


Exercise capacity and activity level have long been recog- 
nized as predictors of cardiovascular and overall mortality 
(Chang & Froelicher, 1994; Pate et al., 1995). Peak exercise 
capacity as measured in metabolic equivalents is the best 
predictor of mortality in normal subjects and of cardiovas- 
cular disease (Myers et al., 2002). 

The United States is the most active country in the world 
in promoting sports and fitness, and the country is con- 
cerned about it. Some of the most recent evidence in this 
regard is as follows: 1) The Bureau of Labor Statistics esti- 
mates that 19.3% of Americans participated in sports and 
exercise every day in 2019. The participation rate of men 
was higher (20.7%) than that of women (18 percent). This 
includes engaging in sports, fitness, and other leisure activi- 
ties, 2) In 2019, Americans spent an average of 30 minutes 
per day engaging in sport, exercise, and leisure activities, 3) 
Hiking, camping, riding, fishing, and running & jogging are 
some of the most well-liked outdoor pursuits in the US., 4) 
In 2019, more than 50 million individuals went hiking, while 
more than 60 million people ran, jogged, and engaged in 
trail running, 5) High school athletics play a significant role 
in American sports culture. In the 2018-19 academic year, 
4.53 million male students engaged in high school athletics, 
with football being the most popular sport with over one 
million participants. Around 3.4 million female students 
participated in the overall student body in 2018-19. With 
over 488 thousand participants, track and field had the most 
participation overall. With more than 450 thousand par- 
ticipants in 2019, volleyball was also very popular (Statista 
Research Department, 2022). Thus, it is clear why the United 
States was ranked as the most productive countries in this 
study. 

As scholars continue to study the convergence of spots 
and fitness, more critical attention to the problem and a 
theoretical and practical orientation are required. There is 
no doubt that every professional must respect the authentic 
aspects and fitness needs of the personality in carrying out 
daily activities. Perhaps more importantly, scholars should 
seek to critically engage with theoretical and conceptual 
models from all disciplines when studying sports and fitness. 
Physical activity is certainly very beneficial for the condition 
of the body. 

Meanwhile, the hot topic is cardiorespiratory fitness. The 
results of research conducted by Burden et al. (2022) show 
that adolescents who engage in 20 minutes of vigorous phys- 
ical activity per day on average have maximal cardiorespira- 
tory fitness, and there is little evidence that engaging in more 
or less intense physical activity is beneficial. In addition to 
always being related to physical health and fitness, cardiore- 
spiratory fitness is also related to cognitive function and psy- 
chological well-being. Among school-age children, cogni- 
tive performance and cardiorespiratory fitness are important 
correlates and predictors of psychological well-being. When 
compared with groups of students with lower psychological 
well-being, those with higher levels demonstrated greater 
cardiorespiratory fitness, performance on concentration 
tasks, and attention accuracy (Chen et al., 2022). Children 
with high cardiorespiratory fitness have greater cognitive 
function than children with low cardiorespiratory fitness 
(Alvarez-Bueno et al., 2019). Cardiorespiratory health and 
cognitive processing speed are substantially related to de- 
pression, pain, and fatigue (Sandroff et al., 2019). Improving 
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cardiorespiratory fitness can increase cognitive processing 
speed without affecting the effects of fatigue, discomfort, or 
sadness (Gao & Zhou, 2022). 

Physical activity or sports to improve fitness is a basic 
need that must be met to be able to stay strong in carrying 
out daily work routines. Therefore, various elements must 
be considered in encouraging the willingness of individuals 
to develop their identity through sports, especially exercises 
that prioritize the values of independence and prudence in 
implementing exercise interventions. The public must be very 
aware of the importance of increasing their fitness level with 
various programs. Programs such as providing exercise fre- 
quency, exercise intensity, duration of exercise, and type of 
exercise must really be adapted to the conditions and needs of 
society in general, not just non-athletes. Because giving inter- 
vention to athletes is very clear in accordance with the stan- 
dards of each type of sport. Thus, further development of the 
constellation between physical activity, sports, and even phys- 
ical education in schools is urgently needed to obtain more 
comprehensive information to prevent unwanted things from 
occurring, such as physical, kinetic, and even death. 


Conclusions 


This study has demonstrated the remarkable growth tra- 
jectory of sports and fitness research since 2013. Sports and 
fitness research is gaining traction due to the involvement 
of academics and practitioners, which requires a lot of scru- 
tiny in this area. Exercise, physical activity, and sports are 
an inseparable part of many people's lives, especially when 
it comes to fitness. Thus, fitness is something that must be 
obtained by every individual to be able to support and carry 
out daily work activities. Not only that, good fitness is also 
expected to improve cognitive, affective, and psychomotor 
abilities. Therefore, it indirectly attracts and facilitates cur- 
rent and future researchers who want to explore deeper to 
become interested in sports and fitness. 

This research is expected to be a stepping stone for fu- 
ture work in developing sports and fitness research on topics 
such as exercise and fitness and their impact on improving 
the psychological elements; the impact of exercise and fit- 
ness on people with autism; and in-depth studies of certain 
themes or issues discussed in this study. This research How- 
ever, this analysis is only a starting point that can be dis- 
seminated with more in-depth investigations, such as a sys- 
tematic literature review, meta-analysis, thematic analysis, 
and empirical studies, to obtain more accurate information 
related to this research in terms of content, methods, discus- 
sion, and results. We can also conduct research by examining 
the elements of the basic theory of ideals, reality, practicality, 
nature, and humanism, which are analyzed concretely in the 
field of sports and fitness. In fact, most of the research on fit- 
ness and exercise has been carried out in Western countries 
(Europe and America) where modern sports are dominant, 
with good technological support or in developed countries 
with strong sports histories and traditions, such as China. 
Little research has been done by developing countries in 
the field of exercise and fitness. Therefore, it is highly rec- 
ommended for further researchers to explore information 
about physical activity and exercise in developing countries. 
Because not a few small and developing countries have good 
sports achievements. 


The search strings that were used to conduct this study 
are mostly to blame for its limitations. The metadata is incor- 
porated into the text throughout using the keyword “sports 
and fintess”. The debate can alter slightly if more keywords 
are utilized. Additionally, the results of this study’s keyword 
analysis have been predicted to spur the creation of fresh 
concepts, allowing for more effective dissemination and 
communication of academic works related to sports and 
fitness research as well as the emergence of new, more perti- 
nent ideas and concepts. 
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NO3ULIA CNOPTY TA O13U4HO! KYJIbTYPU: HAYKOMETPUYHUA OFA 


JjaBi Codpan’”“®°, FOaxa Mynappxat Canytpa”®, Ib>xyutika Hypixcan'*, 
3BCD 


Hypaau Kycmaeni'“°, Xaipyn Xade3ay Adgyanax 


"Yuipepcntet Maiianeuka 
*THqoHesilicbKuM yHiBepcuTeT OCBITN 
*TexHonorivHui yHinepcutet MAPA 


ABtopcepknit Bkmag: A - qu3aiiH focmippKenua; B - 36ip faux; C - ctaranamis; D - nigrotoBKa pyKonncy; E - 36ip KkomTis 


Pedepar. Crarra: 12 c., 2 ra61., 6 puc., 84 p>xKepena. 


Cnopt i @ismuna kybrypa € @isudHUMU HOTpebaMN Tak CaMO, AK MOAN NOTpebyroTb ii Ta BoAM. 3 Apyroro oxy, cnopT i 
disuina KyibTypa € Has3BM4aMHO CKaHOW Tasly3310 JOCMiPKEHHA, WO YCK/lajfHIOe CIpOOM BU3HAYeHHA KPUTMYHUX TepMiHiB, 
10 IPM3BOLMTb 0 BiMHOCHO! BiI,CyTHOCTi HayKOMeTPM4YHOTO anaslisy. 

Mera mboro JOcTiPKeHHA NoAra€ B TOMY, WOO posriAHYTU PO3BUTOK OCI *KeHD y raly3i cuopry Ta PisM4HOi KyIbTypu 
B YCbOMy CBiTi, BAKOpUcToBy104uN 6a3m JaHUx Scopus Ta Web of Science Ak Moro OcHOBY. 

Marepiamm Ta Merogn. Ily6nikayii 36upatorb 3a Fomomoro1w 6a3 faHux Scopus Ta Web of Science, a TakoxK MapameTpiB 
HayKOMeTPpii, BK0UaIOUN CBiTOBIi TeHAeHUii NyOTiKayiM, aBTopiB, AKi OTPMMytOTb HaMOilbiule WUTYBaHb, KiIbKiCTb WMTYBaHb i 
KJIIOYOBI COBa aBTOPiB. 

Pesynpratu. PesyibraTu MoKa3yi0Tb, WO aHasli3 K/IOYOBMX CIB aBTOPiB NepeBipABCA Ha OCHOBi Ix 3B’A3Ky 3 CPi3M4HOIO 
aKTUBHicTIO, PisM4HUMM BUpaBamMu Ta Pism4Hor MiproToRKow. HaiakTuBHiio1w KpaiHow BuaBMMca Cnonyueni IIratu, ne 
Buniunta 601 nyOmikauia. Ak u ovikyBanoca, Cnonyyeni Ilraru € nigepom y cupuanHi po3sButTKy disu4dHoi aKTuBHOCcTi: y 2019 
poui 19,3 BincoTKa HacesleHHA 3aMMalOTbCA CIOPTOM i BUKOHY1OTb BUpaBU WoWHA. MbxHaposHMit *KypHal OCMip>KeHb HaBKO- 
JIMMMHbOTO CepefoBMLya Ta TpoMajcbKoro 3fopos’s 3i LBemyapii ovomtoe 68 nybsikaLii, WO € We OFHMM 3HadHMM BiKpMTTAM. 
Kpim Toro, sriJHO 3 UMM aHaisom, Oprera ©.b. 3 Megnunoi miko“ Yuisepcutety Ipanagn, Maypug, Icnania, € aBropoM, AKU 
nyOnikye HaliOimbiute FOKyMeHTiB — 3arazioM 33. 

BucHoBkH. 3rifHO 3 HallIMM JOCIis»KeHHAM, TOM-I ATb K/OUOBMX CyB, AKi HAOyIM MOMyIAPHOCTi MpoTarom nomepesHix 
nBOX poKis, Oyu Taki: “KapgiopecniparopHa ButTpuBanicTs’, “Cxnay Tita’, “Sqopos’a’, “Dismana axruBuictp” i “Tignirkn”. 
Llinvicth boro AocmisPKeHHA [1A Tay3i cHOpTy Ta Pism4HOi KybTypM MoMATae B TOMY, UO BOHO Hajjae UMTayam i MaMOyTHiM 
HOCHPHUKaM WIMpOKMM CieKTp CHOpTMBHUX i PisKyIbTYPHUX TeHJeHLIM MMHyNOLO Ta CboroyeHHA. Kpim Toro, pesybTaTU boro 
HOCHiPKeEHHA JOMOMOXKYTb MaliOyTHiM HayKOBIJAM HepeqOauuTu NOTeHUIMHi TeHAeHUi ramy3i. 

Knrouosi cnoga: cnopt i dismuna kympTypa, Pi3sm4uHa aKTMBHICTD, KapfiopecniparopHa BUTPMBasiCTb, HAayKOMeTPMIHMM. 
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